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Abstract 
 
This master’s thesis discusses developments of novel organic methodologies 
utilizing oxyallyl cationic systems in the pursuit of highly functionalized molecular 
scaffolds.  Chapter 1 focuses on the discovery of the oxyallyl cation intermediate, and 
examines reported transformations.  Detailed optimization and substrate studies following 
exploitation of a protected 2-oxyallyl cation for nucleophilc capture comprises the 
information in both Chapter 2 and Chapter 3.  Chapter 4 extends methodologies 
performed by my colleagues and establishes a tandem process using 2-
silyloxypentadienyl cations to furnish complex structures.   In this report, reaction design 
and optimization are chronicled, followed by exploration into the reactivity, mechanism, 
and scope of the developed reactions. 
 
 
 
 
 1 
 
Chapter 1: Oxyallyl Cation Chemistry: Methodology Towards Nucleophilic Capture 
 
1.1 Purpose 
The purpose of this chapter is to detail methods for generation of 2-oxyallyl cations 
and their subsequent reactivity in both cycloadditions and nucleophilic capture.   
Synthetic strategies towards natural products and useful synthons from the reactivity of 
oxyallyl cations will be evidenced along with reports containing instances of direct 
nucleophilic capture of oxyallyl cations with indole and silylenol ethers.   
1.2 Exploration of the Favorskii Rearrangement  
The oxyallyl cation has been the subject of many synthetic investigations since it was 
first reported in 1894 by Favorskii.1 The rearrangement involves the loss of halogen from 
α-haloketone 1.1 to form putative oxyallyl cation 1.3 which exists in equilibrium with 
cyclopropanone 1.4, which is more stable than the dipolar species (Scheme 1.1).2-3  
 
 
Scheme 1.1 Mechanism of the Favorskii Rearrangement 
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 2 
Typically, either an alkoxide or hydroxide function as nucleophiles, which attack the 
carbonyl of 1.4, which upon collapse of the tetrahedral intermediate yields a ring 
contraction with a pendent ester or carboxylic acid 1.6.3 
Although the Favorskii rearrangement is the first published example containing 
oxyallyl cation chemistry, they were first generated and explored by Fort.4,5 He reacted 
α-chloro-dibenzyl ketone 1.7 and furan with 2,6-lutidine in DMF for 4 days which 
resulted in the generation of the cycloaddition product 1.9 (Scheme 1.2).5 He then 
explored the identity of the intermediate by characterization of the product of solvolysis.   
He treated 1.7 with 2,6-lutidine in methanol in the absence of furan, and isolated the α-
methoxy ketone 1.10, evidencing the intermediacy of the oxyallyl cation for the first 
time.6   
 
 
Scheme 1.2 Mechanistic Studies on Oxyallyl Cation 
 
1.3 Cycloadditions Utilizing Oxyallyl Cations 
Cycloaddition reactions continue to be a highly useful approach in the construction of 
various ring sizes, polycyclic systems, and hetereocycles.4  The oxyallyl cation is 
O
PhPh
Cl
furan
2,6-lutidine O
PhPh
O
OPh
Ph
DMF, 4 days
O
PhPh
Cl
2,6-lutidine O
PhPhMeOH
O
PhPh
OMe
1.7 1.8 1.9
1.7 1.8 1.10
 3 
typically reported as the 3-carbon cationic system in both [4+3] and [3+2] cycloadditions, 
forming seven- and five-membered rings respectively.  Both of these ring sizes occur in 
many natural products, and cycloaddition reactions with oxyallyl cations continue to 
represent an important tool for the installation of unique functionality and specific 
stereochemistry.7 As investigations began on cycloaddition reactions, methods of 
generation for oxyallyl cations were improved from the previously reported conditions by 
Fort.4-5  These early generation methods employed the use of low valent metals to initiate 
reductive dehalogenation of polyhalogenated ketones (Scheme 1.3).8-13   
 
 
Scheme 1.3 Methods for Generation Oxyallyl Cations with Low Valent Metals. 
 
The use of various metals yield the same intermediate differing only in the identity of 
the metals coordinating to the negatively charged oxygen atom, but the mechanistic 
details reported vary between the methods.  When sodium iodide was used in the 
presence of copper, the bromines in 1.11 are displaced by iodide via two SN2 processes to 
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 4 
give 1.12, followed by the loss of molecular iodine yielding the sodium enolate 1.13.  
The generation of oxyallyl cation 1.14 is completed by SN1 loss of iodine.12 In the 
reaction mechanism, copper serves to scavenge the liberated molecular iodine. When 
zinc/copper, zinc/silver, or iron carbonyl complexes were used, the process starts with 
insertion of the metal between the carbon and bromine bond in 1.11, which is speculated 
to occur through either oxidative addition or single electron transfer.  Following the 
enolization of 1.15 to 1.16, loss of bromine via an SN1 mechanism generates the 
stabilized oxyallyl cation 1.17.9-11   
 The use of these reductive dehalogenation methods over basic conditions resulted 
in a series of new discoveries about the stereochemical aspects of oxyallyl cations in 
[4+3] cycloadditions.      These terminally di-substituted oxyallyl cations may adopt three  
different conformations, having either the “W” shape 1.18, “sickle” shape 1.19, or “U” 
conformation 1.20 as seen in Figure 1.1.14 Orbital alignment between the two systems 
allows for concerted mechanisms in [4+3] cycloadditions8 but, the product distribution  
 
Figure 1.1 Conformations of Terminally Di-substituted Oxyallyl Cations 
O
R R
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R
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O
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 5 
shown in Table 1.1 demonstrates that under certain conditions the stepwise mechanism is 
possible.10-12  Assuming that the oxyallyl cation has a “W” conformation, only final 
products with substituents in di-equatorial 1.22a or di-axial 1.22b conformations should 
be obtained, but the isolation of product 1.22c with substituents in both the axial and 
equatorial could result from a stepwise mechanism.  Due to the predominance of endo 
product 1.22a, the mechanism has similarities to the Diels-Alder reaction, therefore it is 
most likely that the oxyallyl cation adopts the “W”-shape over its other two 
conformers.7,15  The ratios of   products from the experiments show that the metal used in 
the generation method plays a role in the stereochemical outcome.  It was noted that the 
less electrophilic metals sodium and zinc have a less covalent nature with oxygen than 
iron.4    The greater covalency of iron stabilizes the oxyallyl cation intermediate, allowing 
for step-wise addition to occur.7   
 
Table 1.1 Product Distribution of [4+3] Cycloadditions Under Different Generation 
Methods 
 
 
The field of [4+3] cycloadditions involving oxyallyl cations has been extensively 
studied, but in the literature [3+2] cycloadditions have comparatively been less 
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 6 
explored.16 As a participating species in the [3+2] cycloaddition, the oxyallyl cation has 
2π electrons, and the orbital symmetry analysis reveals that a concerted mechanism is 
symmetry forbidden (Scheme 1.4).17 Under thermal conditions, a step-wise path is 
adopted and the dipolar intermediate 1.24 is formed when oxyallyl cation 1.23 generates 
a bond with the 2π partner.  The delocalized negative charge can then capture the cation 
on the 2π partner, resulting in either product 1.25a or 1.25b to give cyclopentanones or 
heterocyclic systems. This cycloaddition methodology was integrated into the total 
synthesis of (-)-coriolin, where two [3+2] cycloadditions were used to construct the 
triquinane ring.18-19 
 
Scheme 1.4 [3+2] Cycloadditions of Oxyallyl Cations 
 
1.4 The Nazarov Cyclization 
The Nazarov cyclization has remained a dominant reaction for the synthesis of five-
membered rings since the initial report of the method in 1941.20 The process involves 
divinyl ketone 1.26 undergoing a 4π electrolytic ring closing to form 2-cyclopentenone 
1.30 (Scheme 1.5).21-25  The first step involves the activation of the ketone to form the 
oxypentadienyl cationic system 1.27 which undergoes a conrotatory ring closure due to 
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the orbital alignment in 1.28 resulting in a trans relationship for the two alkene 
substituents.  Eliminative termination then follows for the generated 2-oxido-
cyclopentenyl cationic intermediate 1.29 yielding 1.30.20-21 
 
Scheme 1.5 Mechanism for the Nazarov Cyclization 
 
The mechanism for the Nazarov cyclization was studied extensively and finally 
elucidated through deuterium labeling studies performed by Shoppee and coworkers,22 
and the proposed process was ratified by Woodward’s publication on orbital symmetry.17  
Due to its inherent stereospecificity, the reaction has been investigated for the creation of 
single stereoisomers despite problems with reaction conditions, and many methods have 
been reported detailing the use of the Nazarov process for asymmetric natural product 
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synthesis.23  Many other variations on the transformation have been published including 
hetero-Nazarov cyclizations such as the aza-Nazarov, the oxa-Nazarov, and the imino 
Nazarov reactions,24 as well as the homo-Nazarov cyclization which replaces a vinyl 
group with a similarly reactive cyclopropyl group.25   
A more recent branch of the Nazarov methods involves the direct trapping of the 
oxyallyl cation intermediate with nucleophiles prior to the eliminative termination.  
According to a review published by the West group, the first inadvertent occurrence of 
this chemistry occurred in 1903 when Vorlander treated divinyl ketone 1.31 with acidic 
conditions, which promoted the cyclization, and upon treatment with an alkaline base for 
hydrolysis, the oxyallyl cation intermediate was captured by either acetate, water, or 
sulfate yielding ketol 1.32 (Scheme 1.6).20 
 
 
Scheme 1.6 First Direct Trapping of Oxyallyl Cation. 
 
Almost one century later, the first case of an intended trapping of the Nazarov 
cyclization generated oxyallyl cation was reported by the West group and was coined as 
an “Interrupted Nazarov Reaction”. The group started with a divinyl ketone with a 
tethered pendant olefin 1.33, and upon treatment of the material with a Lewis acid at 
cryogenic temperatures, followed by allowing the reaction to warm to room temperature 
and quenching with water, the tricyclic hemiacetal 1.38 was obtained in good yield with 
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complete diastereoslectivity (Scheme 1.7).  The proposed mechanism was reported to 
explain the diastereoselectivy and due to the stereospecific Nazarov cyclization, 
intermediate 1.34 was generated as a single stereoisomer, which influenced the 
nucleophilic trapping of the pendent alkene, creating a cascade effect on the 
stereochemical outcome of the molecule.26   
 
Scheme 1.7 Mechanism for First Deliberate Interrupted Nazarov Reaction26 
 
The West group continued their work on the direct nucleophilic trapping of 
Nazarov intermediates, and published examples of intramolecular arene trapping, 
intermolecular olefin trapping, and intermolecular arene trapping.27-31 Recently, both Tius 
and West reported cases of interrupting the Nazarov cycliztion with indoles as 
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nucleophiles (Scheme 1.8).32-33  Tius used allenyl vinyl ketone 1.39 under basic 
conditions to generate the Nazarov precursor, which upon treatment with Sc(OTf)3 
generates the oxyallyl cation which is captured by 5-methoxyindole to generate 
cyclopentene 1.40 in just two steps.  The nucleophilic capture reported by West is a 
single step, and transforms achiral divinyl ketone 1.41 into the stereo-enriched 
cyclopentanone 1.42. Our group became interested in this direct nucleophilic capture of 
oxyallyl cations from ketones, due to its applicability for natural product synthesis.   
 
 
Scheme 1.8 Oxyallyl Cations Captured by Indoles in Interrupted Nazarov Cyclizations 
 
1.5 Direct Nucleophilic Addition at the α-Position of Ketones 
Natural products serve as foundations for synthetic chemistry goals in experimental 
design and continue to be a source for the discovery of biologically active small 
molecules.34-35 Prenylated indole alkaloids have emerged as a popular class of natural 
products that have been the subject of many synthetic routes and novel methodologies.36 
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The Baran group undertook the arduous task of developing synthetic routes for multiple 
indole containing alkaloids, such as Ambiguine H (1.43), Welwitindolinone A (1.44), 
Fischerindole I (1.45), and Hapalindole Q (1.46) which are depicted in Scheme 1.9.37-40  
The group  developed a specific reaction to form the sp3-sp2 bond, which would install 
the indole moiety at the α-position of a cyclohexanone derivative.  The direct coupling 
used LHMDS and Cu(II) 2-ethylhexanoate at -78°C in THF to achieve the formation of 
the sp3-sp2 bond.   The proposed mechanism for their transformation is that LHMDS 
serves to deprotonate both the ketone and indole, and the copper species oxidizes both 
anions to from two radicals, which form the desired bond upon termination.39 
 
Scheme 1.9 Examples of α-Indole Ketones Synthesized in the Baran Group. 
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their generation via ionization methods followed by direct nucleophilic capture have 
remained scarce.6,41-47   We hoped to apply this type of chemistry to work done by the 
Baran group and looked for accounts in the literature. Freter reported the first instance of 
this type of chemistry, where α-hydroxy ketone 1.47 and indole were reacted with 2 M 
aqueous phosphoric acid at reflux to afford indole adduct 1.49 in 64% yield (Scheme 
1.10).  The proposed intermediate was oxyallyl cation 1.48, which was presumably 
generated by the ionization of the α-hydroxyl group.41      
 
Scheme 1.10 Progress of α-Functionaliztion of Ketones With Indole 
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Freter’s methodology served as a starting point for this chemistry, but this 
methodology remained unexplored until a report emerged from Chi and co-workers in 
2012.45  
 
Scheme 1.11 Products Generated Through the Chi Group Addition of Indoles to 
Oxyallyl Cations 
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mild base in TFE to generate oxylallyl cation 1.51, which captures indole to give α-
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generation of oxyallyl cation intermediate 1.51.45 Their optimized conditions were 
explored on a larger range of substrates, and the reaction proved to be quite versatile, 
furnishing α-indole adducts 1.56 in yields ranging from 56-91% (Scheme 1.11).  Using 
their chemistry, they were able to demonstrate the addition of indole to form cyclic 
ketone 1.56a, and various substituted open chain alkyl ketones 1.56b-1.56e.  In addition 
to these studies, indoles with varying functional groups were screened, and they found 
the method to generate α-indole cyclopentanones such as 1.56f, which has an electron 
withdrawing ethyl ester at the sterically hindered 2-position on the indole and 1.56g with 
a methyl group at the 2-position on indole.  Electron donating 5-methoxyindole furnished 
1.56h, and the method even succeeded in directly adding protected 1-methylindole.45   
 The following year MacMillan and co-workers released a similar report detailing 
another activation method for oxyallyl cations.46 Their work expanded the scope of 
nucleophiles, from various indoles to other arenes and heteroatomic nucleophiles.  2,2,2-
Trifluoroethanol was selected as the solvent so that it could activated the ketone through 
hydrogen-bonding, thereby eliminating the need for an additional reagent.  A tosyl group 
was used rather than a halogen in starting material 1.53, and 1-methylindole trapped 
intermediate 1.48, to give substituted cyclohexanone 1.54 in 91% yield.  MacMillan’s 
group used triethylamine as the base, rather than sodium carbonate, which was used by 
Chi and co-workers.  With their optimized conditions, they were able to demonstrate that 
capture of many heteroatom nucleophiles such as various anilines, an amine, alcohols, 
and even a fluoride salt which gave substituted ketones 1.b-1.c, 1.d, 1.e-1.f, and 1.g 
respectively (Scheme 1.12).46     
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Scheme 1.12 MacMillan’s Nucleophilic Scope of α-Functionalized Ketones  
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Scheme 1.13 Problems in Regioselectivity with Unsymmetrical Oxyallyl Cations 
 
oxygen is protected and stabilized (Scheme 1.14).48 The covalent stabilization of the 
oxyallyl cation should alter the reactivity compared to the dipolar oxyallyl cation, 
allowing for regioselective addition at the sterically less hindered positions giving di-
substituted enol ether 1.68.7,33  This hypothesis was reliant on the ionization of the 
hydroxyl group, which was achieved by treatment with Brønsted acid in a nonpolar, 
aprotic solvent to ensure that protonation of the alcohol was kinetically more favorable 
than decomposition of the enol ether functionality.49   
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With these considerations in mind, substrate 1.69 and 1.70 were chosen for the 
proposed transformation (Scheme 1.15).  First, the robust TBS group was selected for the 
protection of the enol ether and corresponding oxyallyl cation, giving the benefits of 
chromatographic stability, which would aid in purification, while also being less prone to 
protodesilylation and degradation under acidic conditions.  Second, a small cyclic system 
was selected so that following indole addition, the issue of E/Z selectivity from the 
reforming of the silylenol ether would be non-existent.50  
 
Scheme 1.15 Scope of Indoles and Substrates 
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and 4 Å molecular sieves to absorb water generated in the reaction, generated indole 
adduct 1.72 in excellent yields.  Examples from the methodology are presented in 
Scheme 1.15 and demonstrate a wide scope of tolerable substrates.  The method 
generated compounds containing a protected indole (1.72a), halogenated indole (1.72b), 
electronic deficient indole (1.72c), and an electron rich indole (1.72d).  The protected 
primary alcohol 1.72e demonstrates the mildness of the reaction, as the protecting groups 
which are prone to deprotection under the acidic conditions remained intact.  Two diaryl 
species, 1.72f and 1.72g were also synthesized in good yields.   
 This report solved the longstanding issue concerning regioselective enolization of 
α, α’-substituted ketones to create silylenol ethers.  Silylenol ethers are highly useful, and 
prevalent in organic synthesis due to their nucleophilicity.48,51-52  Classically, α-
substituted ketone 1.73 can be treated with a weak base and a silylchloride at elevated 
temperatures to form silylenol ether 1.74 under thermodynamic conditions  
 
Scheme 1.16 Outstanding Issues in the Field of Synthesizing Silylenol Ethers 
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(Scheme 1.16).    Conversely, treatment of 1.73 with strong, bulky bases at cryogenic 
temperatures yields the kinetic product, silylenol ether 1.75.53-54 However, these methods 
are not applicable to ketone 1.76, which upon reacting with silylating reagents forms a 
mixture of products 1.77a and 1.77b, regardless of conditions.      
1.7 Conclusion 
Oxyallyl cations are highly useful synthetic intermediate that participate in the 
formation of a vast array of molecular scaffolds.  Many reports detailed methods to 
generate oxyallyl cations, insights into the Favorskii rearrangement, both [4+3] and [3+2] 
cycloadditions, Nazarov cyclizations, and more recently “interrupted” Nazarov 
cyclizations. “Protected oxylallyl cations” have the potential to undergo a plethora of 
transformations that add to the synthetic chemist’s toolbox. 
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Chapter 2: Employing Benzylic-Oxyallylic Stabilized Carbocations for 
Regioselective Construction of All Carbon Quaternary Centers 
 
2.1 Purpose 
 The purpose of this chapter is to induce a novel mode of dual benzylic-oxyallylic 
stabilization of carbocations and their utilization in the regioselective construction of 
quaternary carbon centers at the α-position of enol ethers. This work represents an 
extension of activation methods from previous work in the Kartika group.  A 
comprehensive review of the work will be presented including optimization of reaction 
conditions and many examples of quaternary centers made from various indoles, other 
carbon nucleophiles, and heteroatom nucleophiles.     
2.2 Proposed Conditions for Quaternary Center Formation 	 As a further extension of the methodology published by my co-workers,48 we 
hoped to expand the direct nucleophilic trapping of silyenol ethers to form α-quaternary 
centers in ketone derived compounds in a regioselective manner.55   Our lab was able to 
use α-hydroxy silylenol ether 2.1, and under activation conditions generate silyl protected 
oxyallyl cation 2.2.  This reactive intermediate was able to trap indoles as a single 
regioisomer, based on the steric differentiation between the α and α’ positions to form 
2.3 as a single isomer.  To further expand this method to quaternary center formation, we 
proposed utilizing more elaborate α, α’-disubstituted enol ethers, 2.4.  Under activation 
conditions, the method would generate protected oxyallyl cation 2.5, a planar 
intermediate, which would be subjected to nucleophilic trapping to form an α-quaternary 
center in 2.6.  All carbon quaternary centers remain one of the most challenging feats in 
organic synthesis primarily due to the inherent congestion of such a highly substituted 
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carbon atom.56-59 Previous reports on the generation of quaternary carbon formation detail 
the use of SN1 mechanisms as one of the most effective routes, due to the planar 
geometry of intermediate.60 The sp2-hybridized carbocation helps to overcome the steric 
effects of the forming quaternary center, during the carbon-carbon bond formation 
between the approaching nucleophile and the cationic carbon.61-65 Though reports 
concerning these cationic transformations are numerous, the transformations require 
harsh conditions, typically employing highly acidic environments, which are problematic 
when utilizing sensitive nucleophiles.66   Enol ethers are sensitive to highly acidic 
environments, while their effectiveness for carbon-carbon bond formation makes them 
common synthetic targets.67,71 	
	 Scheme	2.1	Regioselective	Addition	of	Nucleophiles	to	Protected	Oxyallyl	Cations		
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2.3 Reaction Optimization Studies 
Our initial screenings of the proposed transformation are shown in Table 2.1.  The 
syntheses of substrates 2.7a-2.7d are shown Scheme 2.2.  We previously reported 
methodology reacting substrate 2.7a with 10 mol% pyridinium triflate and two 
equivalents of indole in toluene, affording product 2.8a as a single regioisomer in an 
excellent yield, but the reaction time was rather extensive.48 We reasoned that increasing 
the amount of pyridinium triflate to 50 mol% and concentrating the reaction from 0.05 M  
 
Table 2.1 Optimization Studies Towards Regioselective Quaternary Center Formation 
entry    substrate    R1      R2                                         yield[b]  2.8a:2.8b[c]
OR1
Me
indole
(2.0 equiv)
toluene, rt
2.7
Py•TfOH
(catalytic)
99
99
56
1
1
1
1
1
1
   44[e]
99
99
99
99
:
:
:
:
:
:
:
91%
70%
71%[d]
86%
81%
14%[g]
38%[h]
66
3
1
1
2
1
110
-TBS
-TBS 
-Me
-Me
-Me
-Me
-TBS
1
2
3
4
5
6
7
-H
-H
-H
-Ph
-Ph
-Ph
-Ph
10
50
50
50
10
10[f]
10
R2
R1O
R2 α α'
2.8b
OR1
HN
α α' +
2.8a
NH
Me
α'α
HO MeR2
catalyst
(mol%)
2.7a
2.7a
2.7b
2.7c
2.7c
2.7c
2.7d
conc.
(M)[a]
time
(h)
0.05
0.2
0.2
0.2
0.2
0.2
0.2
a) Reaction concentration based on starting material 2.7.  b) Isolated 
yield after flash column chromatography.  c) Ratio of isomers 
determined by 1H NMR of crude reaction mixture.  d) Combined  
yield for both isomers as they were not separable by flash column 
chromatography. e) The corresponding ketones were isolated after 
aqueous workup. f) Triflic acidemployed as the acid catalyst.  g) 
Low yield due to decomposition of materials.  h) Starting material 
2.7d was never fully consumed.
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to 0.2 M would speed the reaction up for the purposes of screening and potentially give a 
mixture of isomers.  These conditions are shown in entry 2, and drastically reduced the 
reaction time to a mere three hours, but resulted in a diminished yield of 70% with 2.8a 
as the single product, disproving our hypothesis.  We postulated that the TBS group was 
the causative aspect of the substrate that was causing the slower rate due to the electron-
withdrawing nature of the protecting group and its steric influence on the planar oxyallyl 
cation intermediate.72-73   
To investigate our hypothesis, we replaced the silylenol ether with methyl enol 
ether 2.7b (Scheme 2.2, eq 2), which was subjected to the same conditions and in just one 
hour, the reaction was complete and formed almost a 1:1 mixture of 2.8a and 2.8b.  
Despite the mixture of addition products, the construction of a quaternary center was 
accomplished in a timely manner in good yield.  Our next idea was inspired by Chi and 
coworkers from their study on nucleophilic trapping of di-halogenated species.  When a 
second ionization to form a second oxyallyl cation intermediate was possible after indole 
addition had already taken place, the indole added at the same position rather than the 
sterically less hindered position implying that the benzylic position had some effect on 
the intermediate.45 We introduced a phenyl group to replace the hydrogen (entry 4) and 
finally succeeded in forming the quaternary center product 2.8b as a single isomer with 
an excellent yield of 86%.  The addition did not follow the trend we expected from Chi’s 
findings, but led us to hypothesize that there is some form of stability from the dual 
benzylic-oxyallylic system that results in addition at the α’-carbon containing the methyl 
group.74 Next, due to the short reaction time, we lowered the catalyst loading to 10 mol% 
which resulted in a similar yield and requiring only one additional hour (entry 5).  Using 
 24 
triflic acid instead of pyridinium triflate (entry 6), we were able to rule out the possibility 
of free pyridine playing any role in the reaction mechanism.  With the realization that the  
 
Scheme 2.2 Synthesis of Substrates for Optimization Studies 
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2.4 Studies on Scope of Indoles Tolerated  
 Using the optimized conditions, we hoped to study the scope of indoles that were 
tolerable in the method and also see the effect of expanding the starting substrate from a 
five-membered ring to a six-membered ring.  A post-doc in our lab Nitin Dange Ph.D. 
obtained all of the results in this study and the results are shown in Table 2.2 
 We found that apart from indole, which gave substrate 2.14a, a variety of 
substituted indoles were also tolerated in the methodology.  The use of electron rich 5-
methylindole and 5-methoxyindole resulted in products 2.14b and 2.14c in 90% and 74% 
yields respectively. Employing protected 1-methylindole proved successful and gave 
indolyl-adduct 2.14d in in 74% yield.  Halogenated indoles, 6-chloroindole and 5-
bromoindole generated compounds 2.14e and 2.14f in 75% and 85% yields respectively.  
Lastly we selected electron poor indoles and found that methyl-5-carboxylate indole gave 
the quaternary center in 2.14g in 68% yield, although the reaction time was significantly 
longer than the other indole scope studies.  We also tested the method on polyaromatic 5-
methoxy-1H-benzo[g]indole and observed 2.14h in 94% yield. Interestingly, utilizing 4-
cyanoindole, an electron-deficient indole failed to generate the quaternary center or show 
any nucleophilic addition.    
 The next portion of the study used six-membered ring 2.13, which was screened 
with a variety of indoles.  The first trend observed from the investigation was the change 
from a short reaction time of 2-6 hours to 24-96 hours.  Reaction of 2.13 with indole 
furnished product 2.15a in 80% yield and the introduction of electron-rich 5-
methoxyindole also succeeded in giving 2.15b in 69% yield.  The methodology was also  
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	Table	2.2	Scope	of	Indoles	Tolerated	in	Quaternary	Center	Formation	
α'
α
OMe
Me
2.12 (n=1), 2.13 (n=2)
Py•TfOH (10 mol%)
indoles (2.0 equiv)
toluene, rt
MeO
NHn n
2.14 (n=1), 2.15 (n=2)
R
NH
Ph
2.14a
(81%, 2 h)
NH
Ph
2.14b
(90%, 2 h)
Me
NH
Ph
2.14c 
(74%, 2 h)
OMe
MeO
NH
Ph
2.14f
(85%, 2 h)
Br
NH
Ph
2.14e
(75%, 2 h)
Cl
N
Ph
2.14d
(74%, 2 h)
2.14h
(94%, 1.5 h)
MeO
2.15f
(53%, 96 h)
MeO
2.15e 
(87%, 24 h)
MeO
2.15d 
(35%, 30 h)
Ph Ph PhMe Me Me
Me Me Me
Me MeMe
MeO MeO
MeO MeOMeO
NNHNH
Me
MeO
2.15c
(85%, 24 h)
MeO
2.15b 
(69%, 24 h)
MeO
2.15a 
(80%, 24 h)
Ph Ph PhMe Me Me
NHNHNH
OMe Br
Ph
CO2Me
HO Me
NH
Ph
2.14g
(68%, 6 h)
CO2Me
Me
MeO
Me
α'
α
MeO
Ph
Me
NH
OMe
 27 
 
tolerant of halogenated 5-bromo indole and electron-poor methyl-5-carboxylate indole 
producing 2.15c and 2.15d in 85% and 35% yields respectively, although the use of an 
electron deficient indole resulted in a rather low yield.  We also chose to explore using 
sterically congested 2-phenyl indole, and found that the quaternary center in 2.15e was 
generated in 87% yield.  The use of 1-methyl indole furnished 2.15f, however the yield 
was rather low at 53%, and the reaction time was greatly increased over the other indoles 
in the study.   
2.5 The Role of Aromatic and Alkyl Substituents   
 After exploring the range of indole functionality, we set out to explore the effect 
of alternative aromatic and alkyl substituents on the regioselectivity of indole addition.  
Diketone 2.9 was commercially available and when dissolved in dichloromethane existed 
in its more stable enol tautomer, and was subjected to protection with methyl iodide and 
potassium carbonate in acetone (Scheme 2.3), and methylenol ether 2.11 was quickly 
functionalized with various aromatic and alkyl organometallic reagents.  To investigate 
the alkyl substituent, it was necessary to start with a different diketone, which we were 
unable to locate from a commercial source.  We discovered a synthetic route that used 
diol 2.17, and through a series of four steps gave the desired material 2.21.75 This 
compound was protected in the same manner and was subjected with alkyl 
organometallic reagents to vary functionality.   We investigated variations on the 
aromatic substituent first and the results are listed in Table 2.3. 
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Scheme 2.3 Syntheses of Starting Materials for Substrate Investigation 
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Table 2.3 Variation of Aromatic Substituent 
OMe
Me
toluene, rt
Py•TfOH (10 mol%)
indole (2.0 equiv)HO
OMe
NH
Me
R
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Me
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OMe
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1
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OMe
1
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 30 
 Investigation on the tolerance of alkyl substituents commenced by synthesizing 
alkyl tertiary alcohols by subjecting 2.22 to various commercially available Grignard 
reagents, so that the aromatic system was consistent, while the alkyl component was 
diversified (Table 2.4).  The use of allylic and long chain aliphatic groups under our 
reaction conditions generated 2.25a and 2.25b in 80% yield, however the use of the octyl 
group demonstrated that a larger substituent with an increased steric factor significantly 
impeded the reaction time from one hour to eighteen hours.  The first evidence of erosion 
of regioselectivity occurred from the use of sterically bulky isopropyl and isobutyl 
functionalities.  The isopropyl group furnished 2.25c as a 3:2 mixture of regioisomers, 
with a combined yield of 46% due to the inability to be separated via flash column 
chromatography.  Similarly, the isobutyl group gave 2.25d as a 1:1 mixture of indole 
adducts, with a combined yield of 65%.  The reaction times were longer, following the 
trend observed with the large octyl group.  Next, the absence of a substituent was 
investigated, and upon ionization, 2.23e was able to trap indole exclusively at the carbon 
opposite the aromatic system to form 2.25e in 99% yield.  These results were contrary to 
the selectivity seen in entry 3 of Table 2.1, supporting our hypothesis of a cooperative 
benzylic-oxyallylic stabilization factor of the putative intermediate.  We proposed that the 
addition of an aromatic substituent extends the aromatic π system to the forming enol 
ether, creating a more favorable thermodynamic product.  To provide further for evidence 
our hypothesis of an electronic effect, we investigated the impact that two alkyl 
substituents would have on regioselective addition, and the results are shown in Table 
2.5.   
 31 
Table 2.4 Alkyl Substrate Scope 
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Py•TfOH (10 mol%)
indole (2.0 equiv)
OMe
NH
ROH
R
starting material                                    product                                   time (hrs)   yield
80%
OMe
18
NH
OH
MeO
Me
Me
5
5
99%
OMe
3
H
NH
OH
H
MeO
80%
OMe
1
NH
OH
MeO
46%
3:2 rr
OMe
26
OH
MeO
Me
Me
Me
Me
NH
65%
1:1 rr
OMe
22
MeO
Me
MeOH
Me
Me
NH
2.23a 2.25a
2.23 2.25
2.23b 2.25b
2.23c 2.25c
2.23d 2.25d
2.23e 2.25e
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Table 2.5 Investigation of Steric Effects 
 
We selected isopropyl and isobutyl groups to replace the phenyl group for tertiary 
alcohols 2.26a and 2.26b to observe the steric effects.  The regioselectivity of indole 
addition was determined to be 3:1 and 4:1 for 2.27a and 2.27b respectively, with indole 
adding at the sterically less hindered methyl position.  The selectivity of the substrates 
was rather poor compared to the benzylic stabilized system, and supporting our theory of 
a cooperative stabilization.  To extricate more evidence about the system, α-phenyl and 
α-isopropyl methoxyallyl cations 2.28 and 2.29 were subjected to computational 
modeling on Gaussian 09 using a 6-311g(d,p) DFT method, with a B3LYP basis set.76  
As predicted, oxyallyl cation 2.28 had the α-phenyl ring planar to the cationic system, 
and this conformation would have minimal steric effects on the approaching indole 
OMe
toluene, rt
Py•TfOH (10 mol%)
indole (2.0 equiv)
OMe
R
HN
MeMeHO
R
starting material                       product                                           time (hrs)    yield
80%
3:1 rr
OMe
1Me
HOMe
Me
MeOMe
Me
NH
Me
78%
4:1 rr
OMe
1Me
HO
MeO
NH
Me
Me
Me Me
Me
2.26a 2.27a
2.26b 2.27b
2.26 2.27
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compared with the bulky isopropyl group which are shown in Figure 2.1.  These results 
combined with our experimental observations substantiated our hypothesis that steric 
effects were not influential enough on the system to complete control the selectivity of 
nucleophilic addition. 
Figure 2.1 Computed Cationic Intermediate Geometry 
 
2.6 Expanding Nucleophilic Scope  
With the substrate studies concluded, we hoped to address the lack of diversity of 
nucleophiles in the literature.  There have been reports showing the trapping of 
indoles,45,46,48 but only have few have expanded these studies to other nucleophiles.46-47  
We selected a variety of carbon based and heteratomic nucleophiles within a certain 
range of nucleophilicity.  My coworkers detected a trend in successful nucleophilic 
addition that correlated with a report by Mayr,77-79 and selected a variety of nucleophiles 
to screen.  The results from these reactions are listed in Table 2.6.   
Me
OMe
Me
OMe
Me
Me
2.28 2.29
2.292.28
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Table 2.6 Investigation of Nucleophilic Scope 
α'
α
OMe
Me
2.12 (n=1), 2.13 (n=2)
MeO
Nuc
n n
2.30 (n=1), 2.31 (n=2)
HO Me
α'
α
Py•TfOH (10 mol%)
Nucleophiles (2.0 equiv)
toluene, rt
entry           nucleophile                      product                                yield[a]
MeO
OMe
Me 2.30e
MeO
O
Me
MeO
Me HN
MeO
Me
2.30d
O
O
69% (23 h)[d]
39% (1 h)
94% (4 h)
45% (1.5 h)
  89% (18 h)[b]
62%, 20:1 dr
(72 h)
3
MeO
S
Me 78% (1.5 h)
93% (20 h)
n
n
2.30f
2.31f
2.30g
2.31g
MeO
Me HN 83% (0.5 h)
1
Me
Me 2.30b
2.30a
2.31a
MeO
Me
2
n
n
62% (0.5 h)[c]
  39% (39 h)[b,c,d]
2.30c
2.31c
7
4
5
6
[a] Isolated yield after flash column chromatography; [b] 0.5 equivalents 
pyridinium triflate was added; [c] 1.1 equivalents of azuene was utilized; 
[d] 4Å molecular sieves were added
H
N
H
N Me
Me
O OTMS
MeOH
OH
SH
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We started with pyrrole and found that it successfully reacted with both five and 
six-membered methylenol ether starting materials to form 2.30a and 2.31a in 45% and 
89% yield.  The reactions were slow, and required a higher catalyst loading.  We moved 
to the more nucleophilic 2,4-dimethylpyrrole and starting material 2.12 resulted in 2.30b 
in 83% yield in only thirty minutes. Two nucleophiles, azulene and 2-
trimethylsiloxyfuran, fell in between the computed values of thiophene and 2,4-
dimethylpyrrole.77-79 Azulene was used in excess to decrease reaction time and furnished 
products 2.30c and 2.31c in 62% and 39% yields respectively.  The use of 2-
trimethylsiloxyfuran was tolerated in the mild conditions, and gave 2.30d as a single 
diastereomer in 62% yield. Next, heteroatom nucleophiles were selected, and the use of 
primary alcohols methanol and 3-phenyl-1-propanol furnished products 2.30e, 2.30f, and 
2.31f in good yields. Lastly, thiophenol was introduced as a nucleophile and furnished 
mercaptans 2.30g and 2.31g in 78% and 93% yields.   
2.7 Synthetic Applications of Methylenol Ethers 
 A key component of our methodology was the mildness of the conditions, 
allowing for the preservation of the methylenol ether.  To showcase the synthetic utility 
of the indole containing quaternary centers, we subjected 2.14a to classical organic 
conditions to create the complex molecular designs shown in Scheme 2.4.  Creation of 
2.32, a diaryl ketone was achieved through a deprotection reaction using toluenesulfonic 
acid monohydrate in THF at -20°C, resulting in 5.5:1 diastereoselectivity with a 73% 
yield.  Using enolate chemistry would not have proved practical to generate this 
compound due to the aromatic nature of the substituent.  We found that methylenol ether 
2.14a could also be subjected to hydrogenation conditions using palladium on carbon in 
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catalytic amounts to generate protected cyclopentanol 2.33 in 64% yield with 2.3:1 
diastereoselectivity.  Using LDA and acetic anhydride, indole was protected while 
preserving the methylenol ether, generating 2.34 in 88% yield.  Treatment of this  
Scheme 2.4 Synthetic Applications of Methylenol Ethers 
 
compound under oxidative conditions80 furnished a triad of contiguous quaternary centers 
in 2.35 with 5:1 diastereoselectivity in 80% yield.  Our final functionalization goal was to 
oxidatively cleave the ring at the carbon-carbon bond of the enol ether.81,82  Using 
RuCl3/NaIO4, we constructed 1,5-ketoester 2.36 with a quaternary center at the α-
position of the ester.   
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2.8 Conclusion 
 This work successfully established methodology to generate quaternary centers 
using benzylic-oxyallylic stabilized cationic systems.  We detailed methods for 
generation of these highly reactive intermediates and demonstrated a wide scope of 
tolerable substituents.  We were able to verify the importance of the aromatic 
stabilization and conclude that steric influence was not sufficient for the high level of 
observed regioselectivity.  This chemistry allows for the addition of indoles and many 
other carbon and heteroatom nucleophiles, and while maintaining the highly useful 
methylenol ether moiety for further downstream functionalization in complex molecule 
designs. 
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Chapter 3: Synthesis of Monosilylated 1,4-Diketones via Silyloxyallyl Cations  
3.1 Purpose 
 The purpose of this chapter is to report on methodology developed to create 
monosilylated 1,4-diketones using the oxyallyl cation intermediate.  The project was 
inspired by natural products and the possibility towards dimerization techniques to aid in 
synthetic routes. A complete review of the reaction optimization process, substrate and 
nucleophilic scope, and synthetic applications will be described herein.   
3.2 Background on 1,4-Diketone Functionality 
As a further extension of the work accomplished by our lab, we previously 
explored the addition of other nucleophiles in order to form synthetical nontrivial 
molecular scaffolds.55 We became interested in 1,4-diketones due to their existence in 
bioactive molecules such as amphidinolide F (3.1), chamaejasmine (3.2), maoecrystal V 
(3.3), and herquiline A (3.4) which are shown in Figure 1.83-88 Along with their complex 
structures, these molecules exhibit cytotoxicity and anticancer activity, and continue to be 
synthetic targets for many laboratories.89-92   
A specific group of biflavanone natural products exhibit a dimeric structure that 
links the two halves of the molecule through a carbon-carbon bond at the α positions of 
two ketones.85,86,88 The Li group reported a total synthesis of a member of the 
biflavonone group of molecules, specifically chamaejasmine 3.2 and they formed the 
critical dimeric bond using metallic lanthanoids for a single electron reductive 
dimerization using iodine at the  
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Figure 3.1 Examples of Natural Products Containing 1,4-Diketone Functionality 
 
α-positions (Scheme 3.1, equation 1). Their efforts furnished the natural product along 
with several structural variants, but only proceeded with 10% efficiency.92  
 Recently two methodologies have been reported that use oxyallyl cations to 
construct 1,4-diketones.93-94 The first report was published by the West group and used an 
“Interrupted” Nazarov cyclization to generate 3.7 from a divinyl ketone 3.6 and the 
reaction is shown in Scheme 3.1 equation 2.  They used potassium permanganate due to 
its high oxidizing potential, to intercept the oxyallyl cation intermediate via a [3+3] 
cycloaddition, and cleave the five membered ring.93 The method was optimized up to 
71%  yield,   but  required  mixed  solvents, excess  Lewis  acid,  and  excess  potassium  
O
OH
O
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H
H
H
H
H
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Scheme 3.1 Published Methods to Generate 1,4-Diketones 
 
permanganate.  Shortly after this work, Tang released an article using α-haloketones 
under activation methods similar to Chi and MacMillan to capture silyl enolates. Scheme 
3.1, equation 3 shows the reaction, which used a full equivalent of base, and used TFE as 
a solvent, which also served to activate the ketone. 45,46,94         
We believed that a more straightforward approach to introduce this functionality 
using the siloxyallyl cation in a direct α, α coupling would improve the yield and 
eliminate the use of metals, which have the potential to interfere with biological 
screening.95 By using our protected oxyallyl cations, we would be able to generate a 
OHO
OH O
OH O
O
HO
OH
OH
O
OH
OH
O
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I
H La, THFreflux
(10%)
3.5 3.2
O
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OTMS
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+
3.8 3.9 3.10
(1) Li (2005)
(2) West (2015)
(3) Tang (2015)
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differentiated 1,4-dicarbonyl species possessing an enol ether, allowing for further 
transformations.     
3.3 Proposed Synthesis of 1,4-Diketone-Derived Scaffolds from Silyloxyallyl Cations 
 The formation of a C-C bond between the α positions of two ketones would 
require a reversal of the inherent reactivity of the carbonyl functionality as shown in 
Scheme 3.2.  Classical ketone reactivity involves treatment of ketone functionality 3.11 
with base to form enolate 3.12, which is nucleophilic and reacts with electrophiles. The 
oxyallyl cation acts as a Cα synthon and upon generation of the putative intermediate, 
ketone 3.14 has become electrophilic intermediate 3.15, allowing for the capture of 
nucleophiles to form 3.16. 
 
Scheme 3.2 Utilizing Umpolung Techniques to Reverse Reactivity  
 
 Based on our previous reports detailing the capture of indoles, we chose to select 
a silyl enolate as a nucleophile to generate our desired functionality, which is shown in 
Scheme 3.3. We proposed that under activation conditions, α-hydroxysilylenol ether 3.17 
would generate unsymmetrical silyloxyally cation 3.18, which reinforces selective 
O O
E+ O E
O
X Y
LG base
O O
X YX Y
Nu
Nu
base
Classical Ketone Reactivity
Oxyallyl Cation Umpolung Reactivity
3.11 3.12 3.13
3.14 3.15 3.16
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addition of silyl enolate 3.19 based on steric differentiation of the two electrophilic 
positions to form differentiated 1,4-diketone 3.20 (see chapter 1, Scheme 1.14).    
 
Scheme 3.3 Proposed Methodology for Differentiated 1,4-Diketones 
 
3.4 Optimization Studies 
The conception of our model system had to address the concerns of alkene 
selectivity when regenerating the silylenol ether occurred, homo-dimerization, and the 
stability of the nucleophile.  We selected cyclic starting material 3.21 to prevent any E/Z 
selectivity issues upon the reformation of the silylenol ether. To prevent homo-
dimerization, we employed a more nucleophilic enolate 3.9, relying on the higher 
reactivity of TMS silylenol ethers over TBS silylenol ethers.  To address the stability of 
the more reactive TMS enolate under acidic conditions, we started optimization trials 
using pyridinium triflate (PyTfOH) as we had previously observed that pyridinium salts 
preserved the integrity of the TBS enol ether functionality.  Our studies commenced 
using the reactants shown in Table 3.1.  Using similar conditions to previous work done 
by my coworkers, we were immediately able to obtain the product in 50% and 6% yields 
using PyTfOH and camphorsulfonic acid (CSA) respectively, however a large amount 
of acetophenone was also recovered (entries 1-2).   
OSiR3
OHR'
R'
- H2O
OSiR3
R'
R'
OSiR3
R'
R'
R"
OSiR3
H
R"
O
-SiR3
silyloxyallyl cation
differentiated
1,4-diketone
3.17 3.18 3.20
3.19
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Table 3.1 Optimization Trials for 1,4-Dicarbonyl Synthesis 
 
Dichloromethane was selected as a solvent over toluene do to the greater 
solubility of CSA. We chose these non-polar aprotic solvents to help prevent 
protodesilylation which is the loss of the silyl protecting group. It was apparent from 
entries 1 and 2 that the protodesilylation of the TMS enol ether 3.9 occurred under both 
conditions, so the conditions were cooled to -78°C to in an effort to impede acetophenone 
generation.  These cryogenic temperatures failed to yield any product with the use of 
PyTfOH, while the use of CSA gave a rise in yield for entry 4 over entry 2.  At this 
point we suspected that the water generated from the ionization, and residual water from 
the solvent and atmosphere were promoting the protodesilylation of the nucleophile, and 
1
2
3
4
5
6
7
8
9
Py•TfOH
CSA
Py•TfOH
CSA
CSA
CSA
CSA
CSA
CSA
rt
rt
-78
-78
-78
-78
-78
-78
-78
2
2
2
2
2
2
2
1.2
2
TMS
TMS
TMS
TMS
TMS
TMS
TMS
TMS
TBS
-
-
-
-
-
1:1
5:1
5:1
5:1
-
-
-
-
2
-
-
-
-
1
5
-
24
25
24
7
8
26
50
6
NR
21
trace
44
83
71
18
Me OH
Brønsted acid 
(0.1 equiv)
CH2Cl2 (0.2 M)
conditions
3.21
3.9OTBS
entry Brønsted
acid
temp.
(°C)
3.9
(equiv) SiR3
4Å MS
(equiv)[a]
time
(hrs) yield
[b]H2O
(equiv)
OTBS
MePh
OTMS
OTBS
3.22
Me Ph
O3.23
[a] Weight ratio between starting material 3.21 and 4Å molecular sieves. [b] 
Isolated yields after flash column chromatography.
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upon the addition of 2 equivalents of water, only trace amounts of product were observed 
using ESI-MS.  We found that by introducing 5 weight equivalents of molecular sieves to 
the reaction resulted in an 83% yield and these conditions were selected for the substrate 
studies.  We attempted to lower the amount of the TMS enolate to 1.2 equivalents rather 
than 2.0, but the change led to a decrease in yield by 12% as shown in entry 8, revealing 
that excess nucleophile was needed, and some protodesilylation still occurred under the 
conditions. To conclude the studies the protecting group was changed to a more robust 
TBS group, but the yield eroded to a mere 18% and the reaction speed proceeded much 
more slowly. 
3.5 Studies on Tolerable Nucleophilic Scope  
The optimized conditions were then tested on a wider scope of molecules and it 
was found that a variety of nucleophiles were tolerated for both the five and six-
membered ring starting materials 3.21 and 3.24.  The molecules generated using alternate 
nucleophiles are shown in Table 3.2 with their yields and reaction times.  It was found 
that the methodology was applicable to various substituted acetophenone nucleophiles, an 
aliphatic system, cyclic, and even a silyldienol.  The system containing the six-membered 
ring followed similar trends found in projects published by our group, and was found to 
have consistently longer reaction times and lower yields.50 Starting materials 3.21 and 
3.24 readily reacted with silyl enolate 3.9 to give products 3.26a and 3.27a in 83% and 
61% yields respectively.  To investigate the electronic effects of the system, electron 
withdrawing silyl enolate 3.25b was reacted to give adducts 3.26b and 3.27b in low  
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Table 3.2 Study on Scope of Nucleophiles 
entry          nucleophile                      product                                                  yield [a]
2
5
1
6
3
TBSO
Me
O
NO2 3.26b (59%, 21 hrs)
3.27b (40%, 30 hrs)
TBSO
Me
O
OMe
3.26c (59%, 21 hrs)[b]
TBSO
Me
O
3.26e (44%, 1:1 dr, 23 hrs)
3.27e (45%, 3:2 dr, 27 hrs)
TBSO
Me
O
3.26f (75%, 2.5:1 dr, 5 hrs)
3.27f (63%, 2:1 dr, 23 hrs)
TBSO
Me Ph
O
3.26a (83%, 7 hrs)
3.27a (61%, 42 hrs)
Me
OTBS
Ph
3.26g (50%, 20 hrs)[b]
Ph
OTMS
3.9
OTMS
3.25b
NO2
OTMS
3.25c
OMe
OTMS
3.25e
OTMS
3.25f
Ph
OTMS
3.25g
3.21 (n=1), 3.24 (n=2)
n
3.26 (n=1), 3.27 (n=2)
Me OH
R3
OTMS CSA (0.1 equiv) Me
TBSO
3.25
OTBS
+
O
R3
CH2Cl2 (0.2 M)
4Å MS, -78°CR1
R2
n
R1 R2
4
TBSO
Me t-Bu
O
3.26d (89%, 36 hrs)
3.27d (67%, 48 hrs)t-Bu
OTMS
3.25d
7
n
n
n
n
n
O
[a] Isolated yield after column chromatography. [b] Reactions with six-
membered material 3.x only produced complex mixtures.
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yields of 59% and 40% respectively. When protected electron rich 4-
methoxyacetonephenone was subjected to nucleophilic capture, five membered ring 3.21  
formed compound 3.26c in 59% yield, but six membered 3.24 formed only a complex 
mixture of inseparable products.  Using an alkyl enolate derived from methyl-tert-butyl 
ketone readily generated species 3.26d and 3.27d in 89% and 67% yields respectively.  
Next, two cyclic nucleophiles 3.25e and 3.25f were subjected to the optimized conditions 
and were successfully trapped by both starting material 3.21 and 3.24.  Cyclohexanone 
derivative 3.25e formed adduct 3.26e in 44% yield, with a 1:1 diastereomeric ratio as 
determined by crude 1H NMR of the reaction mixture, and formed 3.27e in 45% yield 
with a 3:2 diastereomeric ratio.  Nucleophile 3.25f, derived from tetralone, was found to 
generate 3.26f in 75% yield with a 2.5:1 ratio of diastereomers, and 3.27f in 63% yield 
with 2:1 diastereomeric ratio.  We also hoped to expand the methodology to the use of 
silyldienol ether 3.25g, and found that it reacted with 3.21 to generate monosilylated 1,6-
diketone 3.26g in 50% yield.   
3.6 Studies on Substituent Effects at the α-Position 
 Based on these reactivity trends, a substrate study was carried out using five- 
membered ring tertiary α-hydroxy silylenol ether 3.28 in order to probe the substituent 
effects at the α-position and the results are depicted in Table 3.3.  We selected the five-
membered ring due to its higher reactivity and the synthetic ease in which they could be 
prepared, which is shown in Scheme 3.4.  Using classical chemistry, cyclopentene 3.31 
was converted to 1,2-cyclopentanediol 3.32, which was oxidized to 3.33.  Using similar 
methods for previous substrates, 3.33 was treated with TBSCl and imidazole in 
dichloromethane, and following protection 3.34 was treated with commercially available  
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Table 3.3 Investigation of Substrate Scope 
OTBS
CSA (0.1 equiv)
CH2Cl2 (0.2 M)
4Å MS, -78°C
OTBS
R
3.28
3.30b
entry                starting material                               product                      yield [a]
3.30d
3.30a
3.30e
Ph
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OTBS
OTBS
OTBS
OTBS
OTBS
MeO
3.30f
F3C
F3C
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(47 hrs)
68%
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83%
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R
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Me
Me
59%
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HO
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R Ph
O
3.9
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O
Ph
O
Ph
O
Ph
O
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O
Ph
O
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3.28b
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3.28a
3.28e
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OTBS
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3.28c
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MeMe
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HO
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HO
HO
HO
2
4
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[a] Isolated yield after flash column chromatography.
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Grignard reagents to form the desired tertiary alcohols 3.28.  We commenced the studies 
by looking at aliphatic systems (entries 1-3).  We found that allyl, octyl and isobutyl 
substituents produced 1,4-diketone derived adducts 3.30a, 3.30b, and 3.30c in 47%, 68%, 
and 59% yields respectively.  These compounds were generated as a single constitutional 
isomer, however a longer reaction time was observed.  We attributed this to the steric 
congestion around the tertiary alcohols, which has the potential to impede ionization 
under catalytic CSA.  Subsequently aromatic substituents were explored to observe 
electronic effects.  The use of a phenyl group resulted in 3.30d with a yield of 83%. The 
use of an electron rich 4-methoxy-phenyl moiety furnished adduct 3.30e in 79% yield.  
Finally, we observed that employing electron deficient tertiary alcohol 3.28f did not 
result in the generation of the desired species.   
 
Scheme 3.4 Synthetic Route for Tertiary Alcohol Substrate 
 
 
 
OTBS
R
HO
OTBS
O
OH
O
OH
HO
t-butanol
THF
OsO4
NMO
TFAA
DMSO
DCM, Et3N
-78°C3.31 3.32 3.33
TBSCl
imidazole
DCM
RMgX
DCM
0°C
3.34 3.28
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3.7 Synthetic Applications of 1,4-Diketone Monosilylenol Ethers  
A critical aspect of our methodology was the preservation of the silylenol ether 
functionality in order to allow for downstream chemoselective processes.  Scheme 3.5 
demonstrates three synthetic operations that we subjected upon differentiated 1,4-
diketone 3.30d.  First we were able to promote protodesilylation of the silylenol ether 
moiety by treating 3.30d with Brønsted acid to generate corresponding 1,4-diketone 3.35 
in 82% yield with 4:1 diastereoselectivity favoring the trans isomer.  We also found that 
by treating 3.30d with NBS, disubstituted cyclopentenone 3.36 was produced in 80% 
yield.  Lastly, we cleaved the carbon-carbon bond of the silylenol ether group using 
RuCl3 and NaIO4 to generate β-carboxylate 1,6-diketone 3.37 in 81% yield.  
 
Scheme 3.5 Synthetic Utilities of Monosilylated 1,4-Diketones 
 
 We were inspired to develop methodology to furnish the 1,4-diketone 
functionality by observing various natural products in the literature.  We envisioned the 
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possibility of dimerization using the silyloxyallyl cation as the electrophile and the 
silylenol ether as the nucleophile.  After a series of experiments, we were able to promote 
homo-dimerization of 3.21 to form dimer 3.38 as a single diastereomer, and obtain a 
crystal structure of the compound to confirm stereochemistry (Scheme 3.6).  
 
Scheme 3.6 Homodimerization of a Silyloxyallyl Cation 
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3.8 Conclusion 
 We used inspiration from complex molecular structures to investigate 
transformations, which might contribute to the field of natural product synthesis.  
Specifically, we developed a new chemical reaction that allowed for the construction of 
differentiated 1,4-diketones using unsymmetrical silyloxyallyl cations.  We have 
explored substrate and nucleophilic scope, and using these findings, we have 
demonstrated the utility of the monosilylated ketone.  Currently, investigations involving 
tandem intramolecular cyclizations following this type of methodology are ongoing and 
will be reported in due course. 
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Chapter 4: Carbazole Formation Through Extended Oxyallyl Cationic Systems 
4.1 Purpose 
 The purpose of this chapter is to chronicle work on nucleophilic addition to the γ-
position of a 2-silyloxypentadienyl cationic system, and to report on an extension of this 
methodology.  After capturing indoles at the γ-position of silyldienol ethers, we were able 
to induce an intramolecular cyclization followed by aromatization to form carbazole 
cores.  This cascade reaction was optimized, studied mechanistically, and subjected to a 
broad range of substrate studies. 
4.2 Functionalization of Silyldienol Ethers at the γ-Position 
 Previously, my co-workers developed a method to regioselectively functionalize 
silylenol ethers at the α-position utilizing a protected oxyallyl cation intermediate 4.2 
(Scheme 4.1).  The transformation employed α-hydroxy silylenol ether 4.1, which was 
ionized by a Brønsted acid to the putative intermediate, and nucleophilic addition 
occurred at the less substituted electrophilic carbon to give the α-functionalized silylenol 
ether 4.3 (refer to Section 1.6).48 The chemistry allowed for the differentiation of two 
electrophilic carbons in the three carbon delocalized system, and we wanted to probe an 
expansion of the cationic system. 
 We chose to explore new methodology using silyldienol ethers due to their 
usefulness in the pursuit of natural products and other molecular scaffolds.  Silyldienol 
ethers are most commonly used as a source of four carbon atoms in [4+2] 
cycloadditions96-103 and in vinylogous Mukaiyama aldol reactions.104-108 A classical 
synthesis of silyldienol ethers involves treating α,β-unsaturated 4.4 with a base and a 
trialkylsilyl chloride and is shown in Scheme 4.1.  A shortfall of this enolization method 
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is the inability to readily distinguish between deprotonation at the α’ or γ position, 
yielding a mixture of 4.5a and 4.5b, with the potential for a lack of selectivity in the 
stereochemistry of the forming alkene.109-112  
  
Scheme 4.1 Synthesis of Silyldienol Ethers 
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 We proposed a solution to this longstanding issue of regioselectivity and 
unpredictable alkene stereochemistry by employing divinyl alcohol 4.6 as a substrate.  
We hypothesized that by generating an extended oxyallylic system, we could achieve the 
nucleophilic trapping that was observed in the literature.5,6,41,45-48,50,55  By treating the 
molecule with a Brønsted acid to promote loss of water, we succeeded in generating 2-
silyloxypentadienyl cations 4.7a and 4.7b and observed that nucleophilic addition 
occurred exclusively at the γ-position as long as there were no other sterically 
unencumbered electrophilic sites. The method produced silyldienol ethers 4.8a and 4.8b, 
with indoles providing exclusively Z-alkene geometry, and we observed that by using 
heteroatom nucleophiles, the alkene geometry could be modulated to favor the E-
geometry.  Substrate and nucleophilic scope were investigated and the reaction was found 
to give yields in the 52-99% range for a wide variety of molecules.113 An explanation for 
the observed selectivity is currently ongoing in our lab.       
4.3 Background on Carbazoles  
 With our foray into the capture of indoles and incorporating them into cyclic 
motifs, we began to be interested in further derivation.  Carbazoles are a class of 
polycyclic aromatic compounds that contain an indole ring, with an additional phenyl 
group fused at the two and three position of indole. They were first reported in 1872 by 
Graebe and Glaser, after being isolated from the anthracene fraction of coal tar 
distillate.114 This class of compounds has many uses and is found in photoelectronic 
materials and chromophores,115-117 and are also found in biologically active natural 
products, and have found a place in the pharmaceutical market.118-123  Figure 4.1 depicts 
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some carbazole containing compounds reported in the literature with a range of 
biomedicinal applications.    
 
Figure 4.1 Examples of Biologically Relevant Carbazole Containing Compounds 
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functionality by utilizing o-nitrobiphenyl 4.21 in a deoxygenitive cyclization with triethyl 
phosphite at reflux.  The corresponding carbazoles 4.22 could be achieved in good yields, 
however, the stoichiometric amounts of phosphorus waste were a detriment to the 
popularity of the transformation.129 More recent   advances in carbazole    synthesis   have  
 
Scheme 4.2 Synthetic Strategies to Access Carbazoles 
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relied on electrocyclic cyclizations and palladium catalyzed reactions.  The methods are 
more broad in scope, but require expensive reagents and elevated temperatures.130 
Electrocyclization of 2,3-divinylindoles 4.23 to carbazole 4.24 has been utilized in the 
fabrication of many carbazole derivatives, but requires a second aromatization step.131  
The field of palladium cross-coupling and the use of other transition metals continues to 
grow and more examples have been published with wide reaction scope and mild 
conditions.132-139 Despite these recent advances, our group wanted to formulate a method 
using a 2-silyloxypentadienyl system, in hopes of generating the carbazole core using 
inexpensive reagents and mild conditions.140 
4.4 Reaction Design and Optimization 
 Based on our previous work involving indole addition at the γ-position of divinyl 
system 4.26 to from silyldienol ether 4.27, we realized there was potential for a tandem 
process.113 As shown in Scheme 4.3, we proposed that by promoting protodesilylation 
under acidic conditions, the forming carbonyl in 4.28 would be a suitable electrophile for 
an intramolecular cyclization, and upon loss of water, we hypothesized that we could 
generate carbazole core 4.29.  This method would allow for functionalization of 
carbazoles at multiple positions due to the bimolecular nature of the reaction.    
Our initial investigation is shown in Table 4.1, and for optimization of our 
proposed cascade, we selected α-hydroxy silyl enol ether 4.30 and indole.  Previous work 
evinced that pyridinium triflate in toluene was not acidic enough to promote 
protodesilylation (entry 1).113 We selected CSA as a stronger, more suitable acid and 
tested the reaction in both toluene and dichloromethane and found that, though some of 
carbazole 4.33 was generated, the conditions yielded ketone 4.32 as the major product  
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Scheme 4.3 Proposed Transformation of Divinyl Alcohol to Carbazole 
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(entries 2-3).  From these three studies, two observations were implemented into further 
trials- 1) We observed greater solubility of CSA in dichloromethane, so all further 
reactions were carried out in this solvent, and 2) The separation of carbazole 4.33 from 
indole on flash silica columns was nontrivial, so the stoichiometric excess of indole was 
removed and all further reactions utilized a single equivalent of indole.  With both of 
these changes in place, and through a systematic increase in the amount of acid, we 
succeeded in the tandem process with a yield of 95% with the use of 0.5 equivalents of 
CSA in only 5 hours, and were thrilled to see that neither 4.31 or 4.32 were isolated in 
entries (4-6).   
4.5 Tolerance of Various Indoles 
 Following reaction optimization, we proceeded to probe the utility of the method 
with a variety of indoles in combination with both five- and six-membered ring starting 
materials, 4.30 and 4.34 respectively. The results are shown in Scheme 4.4.  The use of 
unsubstituted indole was found to generate 4.35a and 4.36a in 94% and 71% 
respectively, with the six-membered ring giving a slightly lower yield.  During these 
studies we observed that by increasing the amount of CSA to 1.0 equivalents and heating 
the reaction mixture to reflux in a sealed tube, we were able to achieve higher yields and 
decreased reaction times when using starting material 4.34.  The literature and 
computational investigations suggest that ionization of the cyclohexyl substrate is slower 
due to ring strain of the resulting oxyallyl cation.50 We also investigated chiral catalysts 
and after many attempts and catalyst screenings, settled upon using (R)-TRIP, a BINOL-
derived chiral phosphoric acid, which gave the best enantiomeric ratio of 84:16 for (-)-
4.35a.  We attributed the decreased reaction rate to the relative size of phosphoric acid.   
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Scheme 4.4 Scope of Indoles Tolerated in Carbazole Synthesis 
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The use of electron-rich 5-methylindole and 5-methoxyindole with both substrates 
afforded excellent yields for 4.35b and 4.35c, while producing 4.36b and 4.36c in slightly 
lower yields.  The use of halogenated indoles furnished 4.35d, 4.36d, 4.35e, and 4.36e in 
good yields with normal reaction times.  When electron-deficient indoles were used, all 
reactions required elevated temperatures to reach completion and resulted in diminished 
yields.  The use of an ester-substituted indole gave 4.35f in 72% yield and 436f in a 
dismal 29% yield.  4-Cyanoindole furnished 4.35g in 51% yield, but when the starting 
material 4.34 was subjected to the conditions, only decomposition was observed.  
Utilizing protected 1-methylindole also required elevated temperatures to reach 
completion, and the product was rather difficult to isolate from the forming products 
4.35h and 4.36h, but despite chromatographic challenges afforded yields of 72% and 
62% respectively.  To conclude the indole scope we used a larger aromatic 5-methoxy-
1H-benzo[g]indole and were able to isolate 4.35i and 4.36i in 48% and 43% yields 
respectively, however the reaction was significantly slower at took 8 days at elevated 
temperatures.   
4.6 Studies on Substrate Scope 
 Ensuing the study on indole addition, we investigated changing the substituents at 
Ra, Rb, and Rc in starting material 4.37 shown in Table 4.2.  Beginning with Ra, we 
replaced the methyl group with allyl, nonyl, phenyl, and an indoyl group and found the 
method tolerated these groups, affording products 4.38a-4.38d in decent yields.  We then 
looked at the β-position and chose to replace the methyl at Rb with a phenyl group and a 
hydrogen atom.  Starting material 4.37e readily afforded 4.38e in 92% yield.  The lack of 
a substituent at the β- and γ-positions was tested on both five- and six-membered ring
	 62 
 
Table 4.2 Substituent Effect Investigation on Carbazole Formation  
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materials, and was found to generate 4.38fand 4.38g in 70% and 71% yields respectively.  
These findings were interesting because my colleagues previously reported that indole 
addition to these systems produced E geometry in the forming dienol ether, which is the 
opposite geometry required for the intramolecular cyclization.113 We tested starting 
material 4.37h which also generates an E alkene upon indole addition, but surprisingly 
when a substituent was introduced at Rc, only a trace amount of the product was detected 
by ESI-MS.  These findings led us to further mechanistic probing.      
4.7 Mechanistic Investigations 
 The generation of carbazoles 4.38e-4.38g demonstrated that some form of double 
isomerization occurred throughout the process.  Our proposed mechanism is shown in 
Scheme 4.5, and the transformation is initiated by ionization of starting material 4.26 
followed by indole addition at the γ-position to give either the Z-isomer 4.39 or the E- 
isomer 4.40 depending on the β-substituent.  Following the generation of the silyldienol 
ether, CSA and water, presumably generated by ionization, serve to assist in 
protodesilylation to form α,β-unsaturated ketones 4.41 and 4.42.  α,β-Unsaturated ketone 
4.42 contains the wrong geometry for cyclization, so we proposed a conjugate addition of 
water at the β-carbon to produce enol 4.43, which allows for isomerization of the double 
bond.  Once species 4.41 has been obtained through an established equilibrium, carbonyl 
addition by the indole ring forms the spirocyclic iminium ion 4.44. Following indole 
addition, ring expansion generates polycyclic core 4.45, which generates carbazole 4.46 
following dehydrative aromatization.   
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Scheme 4.5 Proposed Mechanism for Cascade Carbazole Formation  
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failed to generate carbazole 4.38f, and only produced an un-isolable mixture of 
protodesilylation products.    
 
Scheme 4.6 Investigations Concerning Water Mediated Isomerization 
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4.8 Conclusion 
 In conclusion we have successfully developed a one pot, tandem process for the 
generation of carbazoles in a bimolecular process.140 Our method tolerates a broad scope 
of functionalities and simple substrate modulation allows for highly substituted carbazole 
structures tat are currently being screened for biological activity through collaboration.  
We have provided evidence for plausible mechanism detailing the critical role of water, 
and attempted to investigate an asymmetric variant for the process. Future projects from 
our lab will report on the generation of other transformations for the synthesis of 
heterocyclic compounds and improved enantioselectivity.     
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Appendix B: Experimental Procedures 
B.1 General Information 
Unless otherwise noted, all materials were used as received from commercial 
suppliers without further purification.  All anhydrous reactions were performed using 
oven-dried or flame-dried glassware, which was then cooled under vacuum and purged 
with nitrogen gas.  Tetrahydrofuran (THF), dichloromethane (CH2Cl2), acetonitrile, 
toluene, and diethyl ether (Et2O) were filtered through activated 3Å molecular sieves 
under nitrogen contained in an M-Braun Solvent Purification System.  All reactions were 
monitored by EMD analytical thin layer chromatography (TLC Silica Gel 60 F254, Glass 
Plates) and analyzed with 254 nm UV light and / or anisaldehyde – sulfuric acid or 
potassium permanganate treatment.  Silica gel for column chromatography was 
purchased from Dynamic Adsorbents, Inc. or Sigma Aldrich (Flash Silica Gel 32-63u).   
Unless otherwise noted, all 1H and 13C NMR spectra were recorded in CDCl3 
using a Bruker Ascend 400 spectrometer operating at 400 MHz for 1H and 100 MHz for 
13C or Bruker Ascend 500 spectrometer operating at 500 MHz for 1H and 125 MHz for 
13C.  Chemical shifts (δ) are reported in ppm relative to residual CHCl3 as an internal 
reference (1H: 7.26 ppm, 13C: 77.00 ppm).  Coupling constants (J) are reported in Hertz 
(Hz).  Peak multiplicity is indicated as follows: s (singlet), d (doublet), t (triplet), q 
(quartet), p (pentet), x (septet), h (heptet), b (broad), and m (multiplet).  FT-IR spectra 
were recorded on Bruker Tensor 27 spectrometer and OPUS 6.5 Data Collection Program, 
and absorption frequencies were reported in reciprocal centimeters (cm-1).  High 
Resolution Mass Spectrometry – Electron Spray Ionization (HRMS-ESI) analyses were 
performed by the Louisiana State University Mass Spectrometry Facility using an Agilent 
 84 
6210 Instrument.  X-ray structure analyses were performed by the Louisiana State 
University X-ray Structure Facility using a Bruker APEX-II CCD diffractometer.  Gas 
Chromatography – Mass Spectrometry (GC-MS) were conducted on an Agilent 
Technologies 6890N Network GC System model number G1530N with 7683B series 
injector.  The column used for this system was an Agilent HP-5MS 5% phenyl methyl 
siloxane (model number 19091S-433), which was 30 meters in length.  The column had 
an internal diameter of 250 mm and film thickness of 0.25 mm.  Solvent delay was set to 
3.50 minutes for each trial.  Low and high mass readings were set to parameters of 40 to 
800 m/z, respectively.  Oven, inlet, and detector temperatures were set to 250oC, and 
helium was used as the inert carrier gas.   
B.2 Experimental Procedures  
 
(±)-2-methoxy-3-methylcyclopent-2-enol (2.7a) 
	
2-hydroxy-3-methylcyclopent-2-enone (4.00 g, 35.71 mmol) was dissolved in 
anhydrous acetone (180 mL).  K2CO3 (9.90 g, 71.43 mmol) and then methyl iodide (4.2 
mL, 71.41 mmol) were added.  The reaction mixture was stirred at room temperature for 
48 hours until the completion of reaction, as monitored by TLC.  After concentrating the 
reaction mixture in vacuo, the crude residue was partitioned in EtOAc/H2O (200 mL, 1:1). 
The aqueous layer extracted with EtOAc (3 x 100 mL).  The combined organic layers 
were then washed with brine, dried over Na2SO4, and concentrated in vacuo to yield crude 
2-methoxy-3-methylcyclopent-2-en-1-one (4.50 g).  
OH
OMe
MeI, K2CO3
OMe
OMe DIBAL
OMe
OHMe
CH2Cl2
0°C → rt
acetone, rt
2.9 2.10 2.7a
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Crude 2-methoxy-3-methylcyclopent-2-en-1-one (4.50 g) was dissolved in 
CH2Cl2 (180 mL) and cooled to 0ºC.  DIBAL (53 mL, 1 M solution in toluene) was then 
added dropwise.  The reaction mixture was warmed to room temperature and stirred for 1 
hour until the completion of reaction, as monitored by TLC. After recooling the reaction 
mixture to 0ºC, EtOAc (50 mL) was added slowly, followed by water (100 mL).  The 
mixture was vigorously stirred for 30 minutes.  The resulting solid precipitate was then 
filtered through pad of celite.  Upon separation of layers, the aqueous layer was extracted 
with CH2Cl2 (3 x 100 mL).  The combined organic layers were then washed with brine, 
dried over Na2SO4, and concentrated in vacuo.  The crude material was purified with 
flash column chromatography with 80 : 20 hexanes : EtOAc to give product 2.7a (3.50 g, 
76% yield over 2 steps) as colorless oil. 
1H NMR (500 MHz, CDCl3): δ (ppm) = 4.82 – 4.73 (m, 1H), 3.71 (s, 3H), 2.38 – 
2.32 (m, 1H), 2.26 – 2.19 (m, 1H), 2.12 – 2.06 (m, 1H), 1.71 – 1.68 (m, 2H), 1.65 (s, 3H). 
13C NMR (125 MHz, CDCl3): δ (ppm) = 152.28, 116.85, 73.58, 57.41, 31.33, 30.99, 
12.31. IR (cm-1): 3353, 2928, 2850, 1690, 1453, 1332, 1192, 964, 696. HRMS (M + H)+ 
= 127.0754 calculated for C7H11O2; experimental = 127.0749. 
 
(±)-2-methoxy-3-methyl-1-phenylcyclopent-2-enol (2.7c) 
 
Crude 2-methoxy-3-methylcyclopent-2-enone (500 mg, 3.97 mmol) was 
dissolved in CH2Cl2 (10 mL) and cooled to 0ºC.  Phenylmagnesium chloride (5.9 mL, 2 
2.10
OMe
OMe
MeO
Me
CH2Cl2
0 oC → rt
MgCl
OH
2.7c
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M solution in THF) was then added dropwise, and the mixture was allowed to warm to 
room temperature.  After stirring for 1 hour, the reaction was quenched with H2O (15 
mL).  The aqueous layer was then extracted with EtOAc (3 x 20 mL).  The combined 
organic layers were dried over Na2SO4 and then concentrated under vacuum.  The crude 
material was purified with flash column chromatography (buffered with 2% TEA) with 
85 : 15 hexanes : EtOAc to give product 2.7c (524 mg, 65% yield) as colorless oil. 
1H NMR (400 MHz, CDCl3): δ (ppm) = 7.47 – 7.41 (m, 2H), 7.34 (dd, J = 8.5, 6.9 
Hz, 2H), 7.28 – 7.20 (m, 1H), 3.63 (s, 3H), 2.39 – 2.25 (m, 2H), 2.23 – 2.17 (m, 2H), 1.84 
(s, 3H). 13C NMR (100 MHz, CDCl3): δ (ppm) = 153.39, 146.36, 128.43, 126.97, 125.09, 
116.99, 85.20, 59.67, 40.64, 31.14, 13.30. IR (cm-1): 3449, 2937, 2847, 1685, 1447, 1325, 
1214, 1029, 761, 674. HRMS (M + Na)+ = 227.1043 calculated for C13H16NaO2; 
experimental = 227.1035. 
 
(±)-2-(tert-butyldimethylsilyloxy)-3-methyl-1-phenylcyclopent-2-enol (2.7d) 
	
Crude 2-((tert-butyldimethylsilyl)oxy)-3-methylcyclopent-2-en-1-one1  (500 mg, 
2.21 mmol) was dissolved in CH2Cl2 (5.5 mL) and cooled to 0ºC.  Phenylmagnesium 
chloride (2.2 mL, 2 M solution in THF) was then added dropwise, and the mixture was 
allowed to warm to room temperature.  After stirring for 1 hour, the reaction was 
quenched with H2O (15 mL).  The aqueous layer was then extracted with EtOAc (3 x 20 																																																								1	Ayala,	C.	E.;	Dange,	N.	S.;	Fronczek,	F.	R.;	Kartika,	R.	Angew.	Chem.	Int.	Ed.	2015,	54,	4641	
OTBS
OMe
TBSO
Me
CH2Cl2
0 oC → rt
MgCl
OH
2.10 2.7d
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mL).  The combined organic layers were dried over Na2SO4 and then concentrated under 
vacuum.  The crude material was purified with flash column chromatography (buffered 
with 2% TEA) with 85 : 15 hexanes : EtOAc to give product 2.7d (250 mg, 37% yield) as 
colorless oil. 
1H NMR (400 MHz, CDCl3): δ (ppm) = 7.46 – 7.36 (m, 2H), 7.36 – 7.29 (m, 2H), 
7.25 – 7.18 (m, 1H), 2.39 – 2.27 (m, 2H), 2.25 – 2.20  (m, 2H), 2.14 (s, 1H), 1.73 (s, 3H), 
0.81 (s, 9H), 0.04 (s, 3H), -0.16 (s, 3H).	13C NMR (100 MHz, CDCl3): δ (ppm) = 149.23, 
146.39, 128.21, 126.87, 125.48, 116.00, 84.96, 40.17, 30.45, 26.09, 25.93, 18.50, 13.21, -
3.66, -3.86. IR (cm-1): 2929, 2855, 1686, 1327, 1251, 1214, 1068, 1004, 855, 836, 779, 
699. HRMS (M + Na)+ = 327.1751 calculated for C18H28NaO2Si;  experimental = 
327.1765. 
 
(±)-3-(2-(tert-butyldimethylsilyloxy)-1-methyl-3-phenylcyclopent-2-enyl)-1H-indole 
(2.8b) 
	
Compound 2.7d (100 mg, 0.329 mmol) was dissolved in toluene (1.6 mL).  Indole 
(77 mg, 0.657 mmol) and then pyridinium triflate (8 mg, 0.033 mmol) were added.  Upon 
stirring at room temperature for 110 hours, the reaction mixture was concentrated under 
vacuum and then directly purified with flash column chromatography with 90 : 10 
hexanes : Et2O to give product 2.8b (50 mg, 38% yield) as green solid. 
Py•TfOH 
(10 mol%)
toluene, rt
+
TBSO
Me
NH
N
H
OTBS
MeHO
2.7d 2.8b
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1H NMR (500 MHz, CDCl3): δ (ppm) = 7.90 (bs, 1H), 7.83 (d, J = 8.0 Hz, 1H), 
7.56 (dd, J = 8.1, 1.1 Hz, 2H), 7.42 – 7.33 (m, 3H), 7.26 – 7.18 (m, 2H), 7.16 – 7.09 (m, 
1H), 7.07 (d, J = 2.4 Hz, 1H), 2.88 – 2.72 (m, 2H), 2.51 (ddd, J = 12.8, 8.8, 6.4 Hz, 1H), 
2.08 (ddd, J = 13.0, 8.6, 4.6 Hz, 1H), 1.71 (s, 3H), 0.72 (s, 9H), -0.28 (s, 3H), -0.58 (s, 
3H). 13C NMR (125 MHz, CDCl3): δ (ppm) = 154.45, 138.18, 137.18, 128.27, 128.09, 
126.71, 126.04, 123.50, 121.82, 121.24, 121.02, 119.24, 114.75, 111.20, 48.53, 37.62, 
30.71, 26.13, 25.09, 18.62, -3.37, -3.46. IR (cm-1): 3422, 2929, 2855, 1638, 1471, 1338, 
1252, 1078, 1063, 1013, 835, 737.  HRMS (M + H)+ = 404.2410 calculated for 
C26H34NOSi; experimental = 404.2410. 
 
2-methoxy-3-methyl-1-phenylcyclohex-2-enol (2.13) 
 
2-hydroxy-3-methylcyclohex-2-en-1-one (2.50 g, 19.84 mmol) was dissolved in 
anhydrous acetone (100 mL).  K2CO3 (8.21 g, 59.52 mmol) and then methyl iodide (2.4 
mL, 39.65 mmol) were added.  The reaction mixture was stirred at room temperature for 
96 hours until the completion of reaction, as monitored by TLC.  After concentrating the 
reaction mixture in vacuo, the crude residue was partitioned in EtOAc/H2O (60 mL, 1:1). 
The aqueous layer extracted with EtOAc (3 x 50 mL).  The combined organic layers were 
then washed with brine, dried over Na2SO4, and concentrated in vacuo.  The crude 
material was purified with flash column chromatography with 85 : 15 hexanes : EtOAc to 
give product S-1 (2.00 g, 72% yield) as colorless oil. 
CH2Cl2
0°C → rt
MgCl MeO
Me OHMe
OMe
OMeI, K2CO3
acetone, rt
Me
OH
O
S-1 2.13
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1H NMR (400 MHz, CDCl3): δ (ppm) = 3.56 (s, 3H), 2.37 (t, J = 8.0 Hz, 2H), 
2.33 (t, J = 6.0 Hz, 2H), 1.93 – 1.82 (m, 5H). 13C NMR (100 MHz, CDCl3): δ (ppm) = 
194.72, 149.27, 146.06, 59.83, 38.71, 31.43, 22.16, 17.54. IR (cm-1): 2929, 1672, 1632, 
1430, 1376, 1304, 1205, 1186, 1144, 1132, 1032, 999, 926, 847, 731. HRMS (M + H)+ = 
141.091calculated for C8H13O2;  experimental = 141.0908. 
Ketone S-1 (1.00 g, 7.14 mmol) was dissolved in CH2Cl2 (18 mL) and cooled to 
0ºC.  Phenylmagnesium chloride (5.5 mL, 2 M solution in THF) was then added 
dropwise, and the mixture was allowed to warm to room temperature.  After stirring for 1 
hour, the reaction was quenched with H2O (50 mL).  The aqueous layer was then 
extracted with EtOAc (3 x 50 mL).  The combined organic layers were dried over 
Na2SO4 and then concentrated under vacuum.  The crude material was purified with flash 
column chromatography with 90 : 10 hexanes : EtOAc to give product 2.13 (1.10 g, 70% 
yield) as colorless oil. 
1H NMR (400 MHz, CDCl3): δ (ppm) = 7.55 – 7.49 (m, 2H), 7.38 – 7.31 (m, 2H), 
7.29 – 7.21 (m, 1H), 3.52 (s, 3H), 2.74 (bs, 1H), 2.26 – 2.08 (m, 2H), 2.07 – 1.86 (m, 
2H), 1.81 (s, 3H), 1.71 – 1.61 (m, 1H), 1.58 – 1.46 (m, 1H). 13C NMR (100 MHz, 
CDCl3): δ (ppm) = 150.43, 146.92, 128.03, 127.05, 126.32, 121.23, 76.25, 61.48, 41.01, 
31.28, 18.97, 16.87. IR (cm-1): 3456, 2934, 2832, 1446, 1273, 1198, 1152, 1090, 1071, 
759, 699. HRMS (M + Na)+ = 241.1199 calculated for C14H18NaO2; experimental = 
241.1191. 
 
(±)-3-(2-methoxy-1-methyl-3-phenylcyclopent-2-enyl)-1H-indole (2.14a) 
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Compound 2.12 (50 mg, 0.245 mmol) was dissolved in toluene (1.2 mL).  Indole 
(57 mg, 0.490 mmol) and then pyridinium triflate (6 mg, 0.024 mmol) were added.  Upon 
stirring at room temperature for 2 hours, the reaction mixture was concentrated under 
vacuum and then directly purified with flash column chromatography with 90 : 10 
hexanes : Et2O to give product 2.14a (60 mg, 81% yield) as green solid. 
1H NMR (500 MHz, CDCl3): δ (ppm) = 7.96 (bs, 1H), 7.78 (d, J = 8.0 Hz, 1H), 
7.63 (d, J = 8 Hz, 2H), 7.37 (dd, J = 6, 6 Hz, 3H), 7.24 – 7.17  (m, 2H), 7.12 – 7.02 (m, 
2H), 3.44 (s, 3H), 2.88 (dt, J = 15, 8.0 Hz, 1H), 2.78 (ddd, J = 15, 9.0, 3.4 Hz, 1H), 2.52 
(dt, J = 12.8, 9.0 Hz, 1H), 2.04 (ddd, J = 12.4, 9.0, 3.4 Hz, 1H), 1.74 (s, 3H).  13C NMR 
(125 MHz, CDCl3): δ (ppm) = 160.15, 137.26, 137.22, 128.25, 127.61, 126.43, 126.21, 
123.46, 122.01, 120.87, 120.72, 119.45, 115.40, 111.39, 59.10, 48.30, 37.63, 29.99, 
25.07. IR (cm-1): 3412, 2960, 2933, 2844, 1629, 1598, 1456, 1416, 1335, 1260, 1128, 
1078, 739, 697. HRMS (M + Na)+ = 326.1515 calculated for C21H21NNaO; experimental 
= 326.1519. 
(±)-3-(2-methoxy-1-methyl-3-phenylcyclopent-2-enyl)-5-methyl-1H-indole (2.14b) 
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Compound 2.12 (50 mg, 0.245 mmol) was dissolved in toluene (1.2 mL).  5-
Methylindole (64 mg, 0.490 mmol) and then pyridinium triflate (6 mg, 0.024 mmol) were 
added.  Upon stirring at room temperature for 2 hours, the reaction mixture was 
concentrated under vacuum and then directly purified with flash column chromatography 
with 90 : 10 hexanes : Et2O to give product 2.14b (70 mg, 90% yield) as a colorless oil. 
1H NMR (500 MHz, CDCl3): δ (ppm) = 7.86 (bs, 1H), 7.63 (d, J = 7.5 Hz, 2H), 
7.55 (s, 1H), 7.37 (dd, J = 7.5, 7.5 Hz, 2H), 7.25 – 7.21 (m, 2H), 7.06 (d, J = 2.4 Hz, 1H), 
7.01 (d, J = 8.2 Hz, 1H), 3.45 (s, 3H), 2.92 – 2.82 (m, 1H), 2.80 – 2.71 (m, 1H), 2.51 
(ddd, J = 12.5, 9.0, 7.2 Hz, 1H), 2.42 (s, 3H) 2.03 (ddd, J = 12.5, 9.0, 3.7 Hz, 1H), 1.73 
(s, 3H). 13C NMR (125 MHz, CDCl3): δ (ppm) = 160.26, 137.40, 135.61, 128.52, 128.25, 
127.61, 126.76, 126.65, 126.15, 123.63, 122.90, 120.91, 120.52, 115.31, 111.04, 59.17, 
48.33, 37.62, 30.05, 25.09, 21.98. IR (cm-1): 3403, 2928, 2853, 1693, 1628, 1595, 1491, 
1449, 1259, 1213, 1168, 1100, 1032, 780, 76. HRMS (M + Na)+ = 340.1672 calculated 
for C22H23NNaO; experimental = 340.1678. 
 
(±)-5-methoxy-3-(2-methoxy-1-methyl-3-phenylcyclopent-2-enyl)-1H-indole (2.14c) 
	
Compound 2.12 (50 mg, 0.245 mmol) was dissolved in toluene (1.2 mL).  5-
Methoxyindole (64 mg, 0.490 mmol) and then pyridinium triflate (6 mg, 0.024 mmol) 
were added.  Upon stirring at room temperature for 2 hours, the reaction mixture was 
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concentrated under vacuum and then directly purified with flash column chromatography 
with 85 : 15 hexanes : Et2O to give product 2.14c (58 mg, 74% yield) as white solid. 
1H NMR (500 MHz, CDCl3): δ (ppm) = 7.86 (bs, 1H), 7.63 (d, J = 7.4 Hz, 2H), 
7.37 (dd, J = 7.7, 7.7 Hz, 2H), 7.27 – 7.18 (m, 3H), 7.06 (d, J = 2.0 Hz, 1H), 6.86 (dd, J = 
8.8, 2.0 Hz, 1H), 3.76 (s, 3H), 3.46 (s, 3H), 2.91 (dt, J = 15.2, 7.8 Hz, 1H), 2.79 (ddd, J = 
14.6, 9.0, 3.6 Hz, 1H), 2.50 (dt, J = 13, 9.0 Hz, 1H), 2.05 (ddd, J = 13, 9.0, 3.6 Hz, 1H), 
1.74 (s, 3H). 13C NMR (125 MHz, CDCl3): δ (ppm) = 159.98, 153.77, 137.25, 132.43, 
128.24, 127.58, 126.78, 126.22, 123.14, 121.52, 115.44, 112.00, 111.98, 102.81, 59.17, 
56.00, 48.24, 37.42, 30.23, 25.00. IR (cm-1): 3417, 2958, 2938, 1626, 1483, 1454, 1212, 
1167, 1103, 762. HRMS (M + Na)+ = 356.1621 calculated for C22H23NNaO2; 
experimental = 356.1616. 
 
 (±)-3-(2-methoxy-1-methyl-3-phenylcyclopent-2-enyl)-1-methyl-1H-indole (2.14d) 
 
Compound 2.12 (50 mg, 0.245 mmol) was dissolved in toluene (1.2 mL).  N-
methylindole (64 mg, 0.490 mmol) and then pyridinium triflate (6 mg, 0.024 mmol) were 
added.  Upon stirring at room temperature for 2 hours, the reaction mixture was 
concentrated under vacuum and then directly purified with flash column chromatography 
with 85 : 15 hexanes : Et2O to give product 2.14d (58 mg, 74% yield) as white solid. 
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1H NMR (400 MHz, CDCl3): δ (ppm) = 7.77 (d, J = 8.0 Hz, 1H), 7.64 (d, J = 7.5 
Hz, 2H), 7.38 (dd, J = 7.6, 7.6 Hz, 2H), 7.31 (d, J = 8.2 Hz, 1H), 7.23 (dd, J = 7.4, 6.5 
Hz, 2H), 7.07 (dd, J = 7.5, 7.5 Hz, 1H), 6.96 (s, 1H), 3.78 (s, 3H), 3.46 (s, 3H), 2.88 (dt, J 
= 15.4, 7.8 Hz, 1H), 2.83 – 2.71 (m, 1H), 2.51 (dt, J = 16.0, 8.2 Hz, 1H), 2.05 (ddd, J = 
12.5, 8.7, 3.5 Hz, 1H), 1.74 (s, 3H). 13C NMR (100 MHz, CDCl3): δ (ppm) = 160.30, 
137.92, 137.27, 128.24, 127.63, 126.78, 126.19, 125.63, 121.83, 121.56, 120.93, 118.86, 
115.30, 109.44, 59.28, 48.32, 37.87, 32.88, 30.02, 25.13. IR (cm-1): 2959, 2930, 2845, 
1630, 1462, 1373, 1342, 1327, 1260, 1221, 1079, 1044, 737. HRMS (M + H)+ = 
318.1852 calculated for C22H24NO; experimental = 318.1845. 	
(±)-5-chloro-3-(2-methoxy-1-methyl-3-phenylcyclopent-2-enyl)-1H-indole (2.14e) 
	
Compound 2.12 (50 mg, 0.245 mmol) was dissolved in toluene (1.2 mL).  5-
Chloroindole (74 mg, 0.490 mmol) and then pyridinium triflate (6 mg, 0.024 mmol) were 
added.  Upon stirring at room temperature for 2 hours, the reaction mixture was 
concentrated under vacuum and then directly purified with flash column chromatography 
with 90 : 10 hexanes : Et2O to give product 2.14e (62 mg, 75% yield) as white solid. 
1H NMR (500 MHz, CDCl3): δ (ppm) = 7.94 (bs, 1H), 7.68 (d, J = 8.6 Hz, 1H), 
7.62 (d, J = 7.7 Hz, 2H), 7.38 (t, J = 7.7 Hz, 2H), 7.34 (s, 1H), 7.24 (t, J = 7.4 Hz, 1H), 
7.11 – 7.01 (m, 2H), 3.44 (s, 3H), 2.90 (dt, J = 15.6, 7.9 Hz, 1H), 2.77 (ddd, J = 14.7, 9.2, 
3.4 Hz, 1H), 2.45 (ddd, J = 12.9, 9.1, 7.4 Hz, 1H), 2.05 (ddd, J = 12.6, 8.7, 3.4 Hz, 1H), 
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1.72 (s, 3H). 13C NMR (125 MHz, CDCl3): δ (ppm) = 159.83, 137.62, 137.04, 128.30, 
128.05, 127.62, 126.36, 125.02, 123.67, 121.67, 121.37, 120.21, 115.61, 111.29, 59.22, 
48.22, 37.63, 30.03, 24.91. IR (cm-1): 3419, 2960, 2928, 2849, 1620, 1454, 1260, 1133, 
1099, 906, 808. HRMS (M + H)+ = 338.1306 calculated for C21H21ClNO; experimental = 
338.1300. 
 
(±)-5-bromo-3-(2-methoxy-1-methyl-3-phenylcyclopent-2-enyl)-1H-indole (2.14f) 
	
Compound 2.12 (50 mg, 0.245 mmol) was dissolved in toluene (1.2 mL).  5-
Bromoindole (96 mg, 0.490 mmol) and then pyridinium triflate (6 mg, 0.024 mmol) were 
added.  Upon stirring at room temperature for 2 hours, the reaction mixture was 
concentrated under vacuum and then directly purified with flash column chromatography 
with 85 : 15 hexanes : Et2O to give product 2.14f (80 mg, 85% yield) as white solid. 
1H NMR (500 MHz, CDCl3): δ (ppm) = 7.99 (bs, 1H), 7.91 (d, J = 1.6 Hz, 1H), 
7.60 (d, J = 7.1 Hz, 2H), 7.39 (dd, J = 7.7, 7.7 Hz, 2H), 7.31 – 7.18 (m, 3H), 7.09 (d, J = 
2.4 Hz, 1H), 3.45 (s, 3H), 2.87 (ddd, J = 15.0, 9.0, 7.0 Hz, 1H), 2.75 (ddd, J = 15.0, 9.0, 
3.7 Hz, 1H), 2.44 (ddd, J = 13.0, 9.0, 7.0 Hz, 1H), 2.05 (ddd, J = 13.0, 9.0, 3.7 Hz, 1H), 
1.72 (s, 3H). 13C NMR (125 MHz, CDCl3): δ (ppm) = 159.59, 137.18, 135.83, 128.28, 
128.11, 127.77, 126.38, 124.89, 123.36, 123.15, 122.07, 115.62, 112.81, 112.74, 59.51, 
48.31, 37.48, 30.34, 24.99. IR (cm-1): 3421, 2959, 2930, 2850, 1637, 1459, 1325, 1239, 
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1105, 796, 762, 698. HRMS (M + Na)+ = 404.0620 calculated for C21H20BrNNaO; 
experimental = 404.0622. 
 
(±)-methyl 3-(2-methoxy-1-methyl-3-phenylcyclopent-2-enyl)-1H-indole-5-carboxylate 
(2.14g) 
	
Compound 2.12 (50 mg, 0.245 mmol) was dissolved in toluene (1.2 mL).  Methyl 
indole-5-carboxylate (86 mg, 0.490 mmol) and then pyridinium triflate (6 mg, 0.024 
mmol) were added.  Upon stirring at room temperature for 6 hours, the reaction mixture 
was concentrated under vacuum and then directly purified with flash column 
chromatography with 65 : 35 hexanes : Et2O to give product 2.14g (60 mg, 68% yield) as 
white solid. 
1H NMR (500 MHz, CDCl3): δ (ppm) = 8.61 (s, 1H), 8.18 (bs, 1H), 7.90 (d, J = 
10.0 Hz, 1H), 7.61 (d, J = 7.2 Hz, 2H), 7.43 – 7.32 (m, 3H), 7.24 (dd, J = 7.4, 7.4 Hz, 
1H), 7.15 (d, J = 2.3, 2.3 Hz, 1H), 3.89 (s, 3H), 3.44 (s, 3H), 2.87 (ddd, J = 15.0, 8.5, 6.6 
Hz, 1H), 2.83 – 2.74 (m, 1H), 2.44 (ddd, J = 13, 8.5, 6.6 Hz, 1H), 2.10 (ddd, J = 13, 8.5, 
4.2 Hz, 1H), 1.74 (s, 3H). 13C NMR (125 MHz, CDCl3): δ (ppm) = 168.45, 159.42, 
139.82, 137.40, 128.20, 127.96, 126.39, 125.97, 124.96, 123.90, 123.49, 122.05, 121.53, 
115.70, 111.08, 59.69, 51.98, 48.47, 37.77, 30.85, 25.15. IR (cm-1): 3337, 2958, 2927, 
2849, 1691, 1616, 1435, 1315, 1296, 1257, 1096, 987, 907, 801, 754. HRMS (M + H)+ = 
362.1751 calculated for C22H24NO3; experimental = 362.1754.  
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(±)-5-methoxy-3-(2-methoxy-1-methyl-3-phenylcyclopent-2-en-1-yl)-1H-benzo[g]indole 
(2.14h) 
 
Compound 2.12 (50 mg, 0.245 mmol) was dissolved in toluene (1.2 mL).  5-
methoxy-1H-benzo[g]indole (97 mg, 0.490 mmol) and then pyridinium triflate (6 mg, 
0.025 mmol) were added.  Upon stirring at room temperature for 1.5 hours, the reaction 
mixture was then directly purified with flash column chromatography with 100% hexanes 
→ 90 : 10 hexanes : Et2O → 80 : 20 hexanes : Et2O to give product 2.14h (89 mg, 94% 
yield) as colorless oil. 
1H NMR (500 MHz, CDCl3): δ  = 8.81 (bs, 1H), 8.31 (d, J = 8.3 Hz, 1H), 7.94 (d, 
J = 8.1 Hz, 1H), 7.62-7.60 (m, 2H), 7.53 (ddd, J = 8.2, 6.9, 1.3 Hz, 1H), 7.42-7.36 (m, 
3H), 7.27-7.23 (m, 1H), 7.03 (s, 1H), 6.45 (d, J = 2.3 Hz, 1H), 4.03 (s, 3H), 3.54 (s, 3H), 
2.83-2.80 (m, 2H), 2.95 (ddd, J = 12.8, 7.1, 7.1 Hz, 1H), 2.20-2.15 (m, 1H), 1.75 (s, 3H). 
13C NMR (125 MHz, CDCl3): δ = 158.04, 150.25, 143.38, 136.15, 129.04, 128.16, 
127.49, 126.56, 125.95, 123.52, 123.36, 123.14, 122.95, 122.03, 119.09, 116.86, 99.49, 
98.08, 59.23, 55.87, 48.73, 37.53, 29.73, 24.96. IR (neat): cm-1; 3449, 2960, 2936, 2844, 
1631, 1598, 1517, 1493, 1479, 1445, 1381, 1342, 1326, 1308, 1291, 1273, 1258, 1217, 
1172, 1160, 1126, 1099, 1079, 1035, 1003, 986, 909, 834, 761, 731, 698, 463. HRMS (M 
+ H)+ = 384.1958 calculated for C26H26NO2; experimental = 384.1952. 	
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(±)-3-(2-methoxy-1-methyl-3-phenylcyclohex-2-enyl)-1H-indole (2.15a) 
	
Compound 2.13 (50 mg, 0.229 mmol) was dissolved in toluene (1.1 mL).  Indole 
(54 mg, 0.459 mmol) and then pyridinium triflate (5 mg, 0.023 mmol) were added.  Upon 
stirring at room temperature for 24 hours, the reaction mixture was concentrated under 
vacuum and then directly purified with flash column chromatography with 85 : 15 
hexanes : Et2O to give product 2.15a (58 mg, 80% yield) as white solid. 
1H NMR (500 MHz, CDCl3): δ (ppm) = 7.94 (bs, 1H), 7.89 (d, J = 8.0 Hz, 1H), 
7.49 (d, J = 7.1 Hz, 2H), 7.35 (dd, J = 7.6, 7.6 Hz, 3H), 7.24 (dd, J = 7.4, 7.4 Hz, 1H), 
7.19 (dd, J = 7.9, 7.9 Hz, 1H), 7.12 (dd, J = 7.9, 7.9 Hz, 1H), 7.09 (d, J = 2.4 Hz, 1H), 
3.09 (s, 3H), 2.65 (dt, J = 16.8, 5.6 Hz, 1H), 2.57 (ddd, J = 16.8, 7.7, 5.2 Hz, 1H), 2.48 – 
2.38 (m, 1H), 1.88 – 1.76 (m, 3H), 1.73 (s, 3H).	13C NMR (125 MHz, CDCl3): δ (ppm) = 
158.06, 141.61, 137.25, 128.61, 128.35, 126.44, 125.99, 123.78, 122.11, 121.76, 121.00, 
119.65, 119.20, 111.61, 61.19, 40.89, 39.22, 31.85, 25.05, 20.47. IR (cm-1): 3412, 2928, 
2858, 1490, 1457, 1335, 1192, 1132, 1011, 762, 739, 699. HRMS (M + Na)+ = 340.1672 
calculated for C22H23NNaO; experimental = 340.1668. 
(±)-5-methoxy-3-(2-methoxy-1-methyl-3-phenylcyclohex-2-enyl)-1H-indole (2.15b) 
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Compound 2.13 (50 mg, 0.229 mmol) was dissolved in toluene (1.1 mL).  5-
Methoxyindole (67 mg, 0.459 mmol) and then pyridinium triflate (5 mg, 0.023 mmol) 
were added.  Upon stirring at room temperature for 24 hours, the reaction mixture was 
concentrated under vacuum and then directly purified with flash column chromatography 
with 85 : 15 hexanes : Et2O to give product 2.15b (55 mg, 69% yield) as white solid. 
1H NMR (500 MHz, CDCl3): δ (ppm) = 7.86 (bs, 1H), 7.49 (d, J = 7.3 Hz, 2H), 
7.38 – 7.31 (m, 3H), 7.23 (dd, J = 9.0, 9.0 Hz, 2H), 7.07 (d, J = 2.4 Hz, 1H), 6.86 (dd, J = 
9.0, 2.4 Hz, 1H), 3.82 (s, 3H), 3.09 (s, 3H), 2.68 (dt, J = 16.9, 4.4 Hz, 1H), 2.62 – 2.51 
(m, 1H), 2.46 – 2.36 (m, 1H), 1.91 – 1.75 (m, 3H), 1.71 (s, 3H). 13C NMR (125 MHz, 
CDCl3): δ (ppm) = 158.08, 153.58, 141.47, 132.41, 128.61, 128.36, 126.50, 126.26, 
123.49, 122.77, 119.65, 112.26, 112.09, 102.69, 61.22, 56.00, 40.75, 39.04, 31.98, 24.85, 
20.55. IR (cm-1): 3410, 2926, 2855, 2832, 1482, 1454, 1261, 1191, 1141, 1108, 1003, 
907, 796, 729, 698. HRMS (M + Na)+ = 370.1778 calculated for C23H25NNaO2; 
experimental = 370.1767. 
 
(±)-5-bromo-3-(2-methoxy-1-methyl-3-phenylcyclohex-2-enyl)-1H-indole (2.15c)  
	
Compound 2.13 (50 mg, 0.229 mmol) was dissolved in toluene (1.1 mL).  5-
Bromoindole (90 mg, 0.459 mmol) and then pyridinium triflate (5 mg, 0.023 mmol) were 
added.  Upon stirring at room temperature for 24 hours, the reaction mixture was 
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concentrated under vacuum and then directly purified with flash column chromatography 
with 95 : 5 hexanes : Et2O to give product 2.15c (77 mg, 85% yield) as white solid. 
1H NMR (500 MHz, CDCl3): δ (ppm) = 8.01 (s, 1H), 7.99 (bs, 1H), 7.46 (d, J = 
7.4 Hz, 2H), 7.37 (dd, J = 7.4, 7.4 Hz, 2H), 7.27 – 7.17 (m, 3H), 7.08 (s, 1H), 3.09 (s, 
3H), 2.69 – 2.48 (m, 2H), 2.40 – 2.25 (m, 1H), 1.84 – 1.7 (m, 3H), 1.70 (s, 3H). 13C NMR 
(125 MHz, CDCl3): δ (ppm) = 157.39, 141.47, 135.80, 128.58, 128.46, 127.72, 126.58, 
124.61, 123.61, 123.58, 123.32, 120.06, 112.96, 112.54, 61.26, 40.82, 39.28, 31.97, 
25.03, 20.36. IR (cm-1): 3423, 3323, 2927, 2856, 1460, 1261, 1136, 1106, 1015, 796, 762, 
699. HRMS (M + H)+ = 418.0777 calculated for C22H22BrNNaO; experimental = 
418.077. 
 
(±)-methyl 3-(2-methoxy-1-methyl-3-phenylcyclohex-2-enyl)-1H-indole-5-carboxylate  
(2.15d) 
	
Compound 2.13 (50 mg, 0.229 mmol) was dissolved in toluene (1.1 mL).  Methyl 
indole-5-carboxylate (80 mg, 0.459 mmol) and then pyridinium triflate (5 mg, 0.023 
mmol) were added.  Upon stirring at room temperature for 30 hours, the reaction mixture 
was concentrated under vacuum and then directly purified with flash column 
chromatography with 60 : 40 hexanes : Et2O to give product 2.15d (30 mg, 35% yield) as 
white solid. 
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1H NMR (500 MHz, CDCl3): δ (ppm) = 8.70 (s, 1H), 8.14 (bs, 1H), 7.90 (dd, J = 
8.6, 1.5 Hz, 1H), 7.48 (d, J = 7.1 Hz, 2H), 7.39 – 7.31 (m, 3H), 7.23 (t, J = 7.4, 7.4 Hz, 
1H), 7.17 (d, J = 2.3 Hz, 1H), 3.90 (s, 3H), 3.05 (s, 3H), 2.66 – 2.51 (m, 2H), 2.36 (ddd, J 
= 13.2, 9.9, 3.4 Hz, 1H), 1.86 – 1.75 (m, 3H), 1.73 (s, 3H). 13C NMR (125 MHz, CDCl3): 
δ (ppm) = 168.44, 157.17, 141.67, 139.78, 128.63, 128.36, 126.50, 125.71, 125.50, 
124.14, 123.35, 123.24, 121.36, 120.26, 111.20, 61.24, 51.97, 40.89, 39.80, 32.16, 25.26, 
20.40. IR (cm-1): 3341, 2921, 2852, 1690, 1647, 1435, 1247, 1115, 1092, 906, 733. 
HRMS (M + H)+ = 376.1907 calculated for C24H26NO3; experimental = 398.1914. 
 
(±)-3-(2-methoxy-1-methyl-3-phenylcyclohex-2-enyl)-2-phenyl-1H-indole (2.15e) 
	
Compound 2.13 (50 mg, 0.229 mmol) was dissolved in toluene (1.1 mL).  2-
Phenylindole (88 mg, 0.459 mmol) and then pyridinium triflate (5 mg, 0.023 mmol) were 
added.  Upon stirring at room temperature for 24 hours, the reaction mixture was 
concentrated under vacuum and then directly purified with flash column chromatography 
with 60 : 40 hexanes : Et2O to give product 2.15e (78 mg, 87% yield) as a white solid. 
1H NMR (500 MHz, CDCl3): δ (ppm) = 8.01 (s, 1H), 7.99 (bs, 1H), 7.46 (d, J = 
7.4 Hz, 2H), 7.37 (dd, J = 7.4, 7.4 Hz, 2H), 7.27 – 7.17 (m, 3H), 7.08 (s, 1H), 3.09 (s, 
3H), 2.69 – 2.48 (m, 2H), 2.40 – 2.25 (m, 1H), 1.84 – 1.7 (m, 3H), 1.70 (s, 3H). 13C NMR 
(125 MHz, CDCl3): δ (ppm) = 157.39, 141.47, 135.80, 128.58, 128.46, 127.72, 126.58, 
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124.61, 123.61, 123.58, 123.32, 120.06, 112.96, 112.54, 61.26, 40.82, 39.28, 31.97, 
25.03, 20.36. IR (cm-1): 3423, 3323, 2927, 2856, 1460, 1261, 1136, 1106, 1015, 796, 762, 
699. HRMS (M + Na)+ = 416.1985 calculated for C28H27NNaO; experimental = 416.1983. 
 
(±)-3-(2-methoxy-1-methyl-3-phenylcyclohex-2-enyl)-1-methyl-1H-indole (2.15f)  
 
Compound 2.13 (50 mg, 0.229 mmol) was dissolved in toluene (1.1 mL).  N-
Methylindole (60 mg, 0.459 mmol) and then pyridinium triflate (5 mg, 0.023 mmol) were 
added.  Upon stirring at room temperature for 96 hours, the reaction mixture was 
concentrated under vacuum and then directly purified with flash column chromatography 
with 60 : 40 hexanes : Et2O to give product 2.15f (40 mg, 53% yield) as colorless oil. 
1H NMR (500 MHz, CDCl3): δ (ppm) = 7.87 (d, J = 8.0 Hz, 1H), 7.49 (d, J = 8.3 
Hz, 2H), 7.41 – 7.29 (m, 3H), 7.26 – 7.18 (m, 2H), 7.10 (dd, J = 7.5, 7.5 Hz, 1H), 6.98 (s, 
1H), 3.79 (s, 3H), 3.11 (s, 3H), 2.70 – 2.61 (m, 1H), 2.55 (dt, J = 16.9, 6.5 Hz, 1H), 2.47 
– 2.37 (m, 1H), 1.86 – 1.77 (m, 3H), 1.72 (s, 3H).	13C NMR (125 MHz, CDCl3): δ (ppm) 
= 158.23, 141.61, 137.87, 128.61, 128.33, 126.95, 126.41, 126.32, 122.17, 121.32, 
121.07, 119.55, 118.63, 109.64, 61.26, 40.89, 39.49, 32.90, 31.84, 25.12, 20.51. IR (cm-
1): 2928, 1464, 1324, 1259, 1011, 907, 731, 697. HRMS (M + Na)+ = 354.1828 
calculated for C23H25NNaO; experimental = 354.1822. 
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(±)-1-(4-methoxyphenyl)-2-methoxy-3-methylcyclopent-2-enol (2.16a) 
 
Crude 2-methoxy-3-methylcyclopent-2-enone (250 mg, 1.98 mmol) was 
dissolved in CH2Cl2 (10 mL) and cooled to 0ºC.  4-Methoxyphenylmagnesium bromide 
(6.0 mL, 0.5 M solution in THF) was then added dropwise, and the mixture was allowed 
to warm to room temperature.  After stirring for 1 hour, the reaction was quenched with 
H2O (15 mL).  The aqueous layer was then extracted with EtOAc (3 x 20 mL).  The 
combined organic layers were dried over Na2SO4 and then concentrated under vacuum.  
The crude material was purified with flash column chromatography with 85 : 15 hexanes 
: EtOAc to give product 2.16a (375 mg, 80% yield) as colorless oil. 
1H NMR (500 MHz, CDCl3): δ (ppm) = 7.36 (d, J = 9.0 Hz, 2H), 6.88 (d, J = 9.0 
Hz, 2H), 3.80 (s, 3H), 3.63 (s, 3H), 2.55 (s, 1H), 2.39 – 2.28 (m, 1H), 2.30 – 2.15 (m, 
3H), 1.83 (s, 3H).  13C NMR (125 MHz, CDCl3): δ (ppm) = 158.47, 153.47, 138.49, 
126.22, 116.70, 113.63, 84.70, 59.51, 55.30, 40.59, 30.90, 13.17.  IR (cm-1): 3465, 2935, 
2845, 1684, 1609, 1508, 1243, 1171, 1031, 829, 544.  HRMS (M + Na)+ = 257.1148 
calculated for C14H18NaO3; experimental = 257.1142. 
 
(±)-2-methoxy-3-methyl-1-p-tolylcyclopent-2-enol (2.16b) 
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Crude 2-methoxy-3-methylcyclopent-2-enone (500 mg, 3.97 mmol) was dissolved in 
CH2Cl2 (20 mL) and cooled to 0ºC.  p-Tolylmagnesium bromide (11.9 mL, 0.5 M 
solution in Et2O) was then added dropwise, and the mixture was allowed to warm to 
room temperature.  After stirring for 1 hour, the reaction was quenched with H2O (15 
mL).  The aqueous layer was then extracted with EtOAc (3 x 20 mL).  The combined 
organic layers were dried over Na2SO4 and then concentrated under vacuum.  The crude 
material was purified with flash column chromatography with 92.5 : 7.5 hexanes : EtOAc 
to give product 2.16b (366 mg, 42% yield) as pale yellow oil. 
1H NMR (400 MHz, CDCl3): δ (ppm) = 7.35 (d, J = 8.0 Hz, 2H), 7.17 (d, J = 8.0 
Hz, 2H), 3.65 (s, 3H), 2.46 – 2.33 (m, 5H), 2.31 – 2.18 (m, 3H), 1.86 (s, 3H). 13C NMR 
(100 MHz, CDCl3): δ (ppm) = 153.46, 143.40, 136.44, 129.08, 124.99, 116.74, 85.03, 
59.59, 40.62, 31.07, 21.19, 13.26. IR (cm-1): 3453, 2967, 2936, 2847, 1685, 1511, 1441, 
1407, 1379, 1325, 1067, 817, 639, 537. HRMS (M + H)+ = 241.1199 calculated for 
C14H18NaO2; experimental = 241.1215. 
 
(±)-1-(4-fluorophenyl)-2-methoxy-3-methylcyclopent-2-enol (2.16c) 
 
Crude 2-methoxy-3-methylcyclopent-2-enone (250 mg, 1.98 mmol) was dissolved in 
CH2Cl2 (10 mL) and cooled to 0ºC.  4-Fluorophenylmagnesium bromide (3.0 mL, 1 M 
solution in THF) was then added dropwise, and the mixture was allowed to warm to room 
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temperature.  After stirring for 1 hour, the reaction was quenched with H2O (15 mL).  
The aqueous layer was then extracted with EtOAc (3 x 20 mL).  The combined organic 
layers were dried over Na2SO4 and then concentrated under vacuum.  The crude material 
was purified with flash column chromatography with 92.5 : 7.5 hexanes : EtOAc to give 
product 2.16c (420 mg, 94% yield) as colorless oil. 
1H NMR (400 MHz, CDCl3): δ (ppm) = 7.40 (dd, J = 8.7, 5.5 Hz, 2H), 7.02 (t, J = 
8.7 Hz, 2H), 3.64 (s, 3H), 2.64 – 2.00 (m, 5H), 1.84 (s, 3H).  13C NMR (100 MHz, 
CDCl3): δ (ppm) = 163.12, 160.69, 153.20, 142.09, 142.06, 126.87, 126.79, 117.09, 
115.15, 114.94, 84.77, 59.62, 40.63, 30.99, 13.23.  IR (cm-1): 3443, 2968, 2937, 2849, 
1684, 1601, 1506, 1216, 1068, 833, 538.  HRMS (M + Na)+ = 245.0948 calculated for 
C13H15FNaO2; experimental = 245.0949. 
 
(±)-1-(4-chlorophenyl)-2-methoxy-3-methylcyclopent-2-enol (2.16d) 
	
Crude 2-methoxy-3-methylcyclopent-2-enone (500 mg, 3.97 mmol) was dissolved in 
CH2Cl2 (20 mL) and cooled to 0ºC.  4-Chlorophenylmagnesium bromide (6.0 mL, 1 M 
solution in THF) was then added dropwise, and the mixture was allowed to warm to room 
temperature.  After stirring for 1 hour, the reaction was quenched with H2O (15 mL).  
The aqueous layer was then extracted with EtOAc (3 x 20 mL).  The combined organic 
layers were dried over Na2SO4 and then concentrated under vacuum.  The crude material 
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was purified with flash column chromatography with 85 : 15 hexanes : EtOAc to give 
product 2.16d (689 mg, 83% yield) as pale yellow oil. 
1H NMR (400 MHz, CDCl3): δ (ppm)  = 7.37 (d, J = 8.6 Hz, 2H), 7.30 (d, J = 8.6 
Hz, 2H), 3.63 (s, 3H), 2.49 – 2.11 (m, 5H), 1.84 (s, 3H).  13C NMR (100 MHz, CDCl3): δ 
(ppm) = 153.04, 144.93, 132.70, 128.51, 126.69, 117.20, 84.86, 59.69, 40.59, 31.11, 
13.30.  IR (cm-1): 3443, 2968, 2936, 2848, 1902, 1684, 1488, 1324, 1089, 1012, 827, 537.  
HRMS (M + Na)+ = 261.0653 calculated for C13H15ClNaO2; experimental= 261.0655. 
 
(±)-2-methoxy-3-methyl-1-(3-methylthiophen-2-yl)cyclopent-2-enol (2.16e) 
	
Crude 2-methoxy-3-methylcyclopent-2-enone (200 mg, 1.56 mmol) was 
dissolved in CH2Cl2 (8.0 mL) and cooled to 0ºC.  3-Methyl-2-thienylmagnesium bromide 
(6.4 mL, 0.5 M solution in THF) was then added dropwise, and the mixture was allowed 
to warm to room temperature.  After stirring for 1 hour, the reaction was quenched with 
H2O (15 mL).  The aqueous layer was then extracted with EtOAc (3 x 20 mL).  The 
combined organic layers were dried over Na2SO4 and then concentrated under vacuum.  
The crude material was purified with flash column chromatography (buffered with 2% 
TEA) with 85 : 15 hexanes : EtOAc to give product 2.16e (250 mg, 70% yield) as yellow 
oil. 
1H NMR (500 MHz, CDCl3): δ (ppm) = 7.05 (d, J = 5.1 Hz, 1H), 6.80 (d, J = 5.1 
Hz, 1H), 3.71 (s, 3H), 2.56 (bs, 1H), 2.44 – 2.33 (m, 2H), 2.30 – 2.24 (m, 2H), 2.23 (s, 
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3H), 1.82 (s, 3H). 13C NMR (125 MHz, CDCl3): δ (ppm) = 152.55, 143.42, 132.14, 
131.83, 121.70, 117.49, 83.97, 59.47, 39.25, 31.07, 14.29, 13.12. IR (cm-1): 3441, 2969, 
2848, 1684, 1440, 1324, 1262, 1214, 1175, 1066, 991, 925, 855, 707. HRMS (M + Na)+ 
= 247.0763 calculated for C12H16NaO2S; experimental = 247.0761. 
 
(±)-2-methoxy-3-methyl-1-(naphthalen-1-yl)cyclopent-2-enol (2.16f) 
	
Crude 2-methoxy-3-methylcyclopent-2-enone (100 mg, 0.793 mmol) was dissolved in 
CH2Cl2 (4.0 mL) and cooled to 0ºC.  1-Napthylmagnesium bromide (12.6 mL, 0.25 M 
solution in THF) was then added dropwise, and the mixture was allowed to warm to room 
temperature.  After stirring for 24 hours, the reaction was quenched with H2O (15 mL).  
The aqueous layer was then extracted with EtOAc (3 x 20 mL).  The combined organic 
layers were dried over Na2SO4 and then concentrated under vacuum.  The crude material 
was purified with flash column chromatography (buffered with 2% TEA) with 85 : 15 
hexanes : EtOAc to give product 2.16f (153 mg, 76% yield) as colorless oil. 
1H NMR (400 MHz, CDCl3): δ (ppm) = 8.58 (d, J = 8.2 Hz, 1H), 7.87 (d, J = 7.4 
Hz, 1H), 7.78 (d, J = 8.1 Hz, 1H), 7.57 – 7.45 (m, 3H), 7.41 (dd, J = 7.7, 7.7 Hz, 1H), 
3.83 (s, 3H), 2.69 (s, 1H), 2.59 (ddd, J = 12.3, 8.3, 2.3 Hz, 1H), 2.50 – 2.33 (m, 2H), 2.21 
(dt, J = 14.5, 6.4 Hz, 1H), 1.94 (s, 3H). 13C NMR (100 MHz, CDCl3): δ (ppm) = 153.44, 
140.47, 134.98, 131.07, 129.04, 128.61, 126.81, 125.62, 125.39, 124.96, 124.25, 116.33, 
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86.66, 59.99, 38.69, 31.53, 13.50.  IR (cm-1): 3403, 2935, 2844, 1687, 1508, 1348, 1260, 
1212, 1073, 776.  HRMS (M + Na)+ =  277.1199 calculated for C17H18NaO2; 
experimental = 277.1201. 
 
(±)-1-(isopropyl)-2-methoxy-3-methylcyclopent-2-enol (2.26a) 
 
Crude 2-methoxy-3-methylcyclopent-2-enone (500 mg, 3.968 mmol) was dissolved in 
CH2Cl2 (10 mL) and cooled to 0ºC.  Isopropylmagnesium bromide (6.0 mL, 2 M solution 
in THF) was then added dropwise, and the mixture was allowed to warm to room 
temperature.  After stirring for 1 hour, the reaction was quenched with H2O (15 mL).  
The aqueous layer was then extracted with EtOAc (3 x 20 mL).  The combined organic 
layers were dried over Na2SO4 and then concentrated under vacuum.  The crude material 
was purified with flash column chromatography with 92.5 : 7.5 hexanes : EtOAc to give 
product 2.26a (218 mg, 32% yield) as a yellow oil. 
1H NMR (400 MHz, CDCl3): δ (ppm) = 3.79 (s, 3H), 2.31 – 2.16 (m, 1H), 2.06 – 1.89 
(m, 3H), 1.84 (s, 1H), 1.72 (s, 3H), 1.65 – 1.51 (m, 1H), 0.94 (d, J = 6.8 Hz, 3H), 0.78 (d, 
J = 6.9 Hz, 3H).  13C NMR (100 MHz, CDCl3): δ (ppm) = 153.24, 115.48, 87.32, 60.06, 
34.47, 31.60, 29.80, 18.25, 16.51, 13.27.  IR (cm-1): 3453, 2956, 2847, 1686, 1466, 1382, 
1327, 1266, 1124, 997, 932, 656.  HRMS (M + Na)+ = 193.1199 calculated for 
C10H18NaO2 ; experimental = 193.1205. 
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(±)-1-(isobutyl)-2-methoxy-3-methylcyclopent-2-enol (2.26b) 
 
Crude 2-methoxy-3-methylcyclopent-2-enone (500 mg, 3.97 mmol) was 
dissolved in CH2Cl2 (10 mL) and cooled to 0ºC.  Isobutylmagnesium bromide (3.9 mL, 2 
M solution in diethyl ether) was then added dropwise, and the mixture was allowed to 
warm to room temperature.  After stirring for 1 hour, the reaction was quenched with 
H2O (15 mL). Reaction mixture was filtered through pad of celite.  The aqueous layer 
was then extracted with CH2Cl2 (3 x 20 mL).  The combined organic layers were dried 
over Na2SO4 and then concentrated under vacuum.  The crude material was purified with 
flash column chromatography (buffered with 2% TEA) with 85 : 15 hexanes :diethyl 
ether to give product 2.26b (324 mg, 44% yield) as colorless oil. 
1H NMR (500 MHz, CDCl3): δ (ppm) = 3.79 (s, 3H), 2.28 – 2.19 (m, 1H), 2.10 – 
2.01 (m, 2H), 1.85 – 1.77 (m, 2H), 1.71 (s, 3H), 1.62 (dd, J = 13.9, 5.6 Hz, 1H), 1.42 (dd, 
J = 13.9, 6.6 Hz, 1H), 0.94 (d, J = 6.7 Hz, 3H), 0.91 (d, J = 6.7 Hz, 3H). 13C NMR (100 
MHz, CDCl3): δ (ppm) = 154.32, 114.56, 84.13, 60.01, 47.24, 34.87, 31.39, 24.96, 24.84, 
24.18, 13.34. IR (cm-1): 3445, 2952, 2847, 1685, 1462, 1384, 1325, 1258, 1213, 1045, 
1001, 931. HRMS (M + Na)+ = 207.1356 calculated for C11H20NaO2; experimental = 
207.1350. 
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(±)-1-allyl-2-methoxy-3-phenylcyclopent-2-enol (2.23a) 
	
2-hydroxy-3-phenylcyclopent-2-enone2 (104 mg, 0.59 mmol) was dissolved in 
anhydrous acetone (1.5 mL).  K2CO3 (167 mg, 1.18 mmol) and then methyl iodide (75 
µL, 1.18 mmol) were added.  The reaction mixture was stirred at room temperature for 32 
hours until the completion of reaction, as monitored by TLC.  After concentrating the 
reaction mixture in vacuo, the crude residue was partitioned in EtOAc/H2O (60 mL, 1:1). 
The aqueous layer extracted with EtOAc (3 x 25 mL).  The combined organic layers were 
then washed with brine, dried over Na2SO4, and concentrated in vacuo.  The crude 
material was purified with flash column chromatography with 85 : 15 hexanes : EtOAc to 
give product S-2 (69 mg, 62% yield) as colorless oil. 
1H NMR (400 MHz, CDCl3): δ (ppm) = 7.90 (dd, J = 8.2, 1.7 Hz, 2H), 7.49 – 
7.37 (m, 3H), 4.06 (s, 3H), 3.19 – 2.72 (m, 2H), 2.70 – 2.40 (m, 2H).  13C NMR (100 
MHz, CDCl3): δ (ppm) = 203.79, 152.47, 147.96, 134.18, 129.98, 128.70, 127.60, 58.33, 
32.75, 23.84.  IR (cm-1) : 2921, 2851, 1696, 1446, 1357, 1076, 971, 763, 691. HRMS (M 
+ H)+ = 189.091 calculated for C12H13O2; experimental = 189.091. 
Ketone S-2 (60 mg, 0.32 mmol) was dissolved in CH2Cl2 (1.6 mL) and cooled to 
0ºC.  Allylmagnesium bromide (480 µL, 1 M solution in Et2O) was then added dropwise, 
and the mixture was allowed to warm to room temperature.  After stirring for 1 hour, the 
reaction was quenched with H2O (15 mL).  The aqueous layer was then extracted with 																																																								2	Jõgi,	A.;	Paju,	A.;	Pehk,	T.;	Kailas,	T.;	Müürisepp,	A.-M.;	Kanger,	T.;	Lopp,	M.		Synthesis,	2006,	18,	3031-3036	
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EtOAc (3 x 20 mL).  The combined organic layers were dried over Na2SO4 and then 
concentrated under vacuum.  The crude material was purified with flash column 
chromatography with 90 : 10 hexanes : EtOAc to give product 2.23a (67 mg, 91% yield) 
as colorless oil. 
1H NMR (500 MHz, CDCl3): δ (ppm) = 7.51-7.49 (dd, J = 1.5 Hz, J = 1.2 Hz, 
2H), 7.36-7.33 (ddd, J = 1.9 Hz, J = 1.4 Hz, J = 1.5 Hz, 2H), 7.26 – 7.22 (m, 1H), 5.90 
(dddd, J = 17.0, 10.1, 7.8, 6.9 Hz, 1H), 5.24 – 5.14 (m, 2H), 3.70 (s, 3H), 2.70 (ddd, J = 
15.0, 9.1, 3.6 Hz, 1H), 2.56 (dd, J = 13.8, 7.8 Hz, 1H), 2.52 – 2.43 (m, 2H), 2.20 (ddd, J 
= 13.4, 8.6, 3.6 Hz, 1H), 2.06 (s, 1H), 1.92 (ddd, J = 13.4, 9.1, 5.6 Hz, 1H).  13C NMR 
(100 MHz, CDCl3): δ (ppm) = 155.66, 136.28, 133.76, 128.26, 127.89, 127.01, 118.92, 
118.61, 83.65, 60.09, 43.71, 34.28, 29.09.  IR (cm-1): 3413, 3074, 2937, 2851, 1639, 
1493, 1211, 1066, 913, 760, 731.  HRMS (M + Na)+ = 253.1199 calculated for 
C15H18NaO2; experimental = 253.1210. 
 
(±)-2-methoxy-1-octyl-3-phenylcyclopent-2-en-1-ol (2.23b) 
 
Ketone S-2 (20 mg, 0.106 mmol) was dissolved in CH2Cl2 (0.5 mL) and cooled to 
0ºC.  Octylmagnesium bromide (106 µL, 2 M solution in Et2O) was then added dropwise, 
and the mixture was allowed to warm to room temperature.  After stirring for 1 hour, the 
reaction was quenched with H2O (15 mL).  The aqueous layer was then extracted with 
EtOAc (3 x 20 mL).  The combined organic layers were dried over Na2SO4 and then 
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concentrated under vacuum.  The crude material was purified with flash column 
chromatography with 90 : 10 hexanes : EtOAc to give product 2.23b (25 mg, 78% yield) 
as colorless oil. 
1H NMR (500 MHz, CDCl3): δ (ppm) = 7.55 – 7.48 (m, 2H), 7.34 (t, J = 7.8 Hz, 
2H), 7.23 (t, J = 7.4 Hz, 1H), 3.70 (s, 3H), 2.72 (ddd, J = 15.0, 9.1, 3.8 Hz, 1H), 2.49 
(ddd, J = 15.0, 8.7, 5.4 Hz, 1H), 2.18 (ddd, J = 13.6, 8.7, 3.8 Hz, 1H), 1.94 (ddd, J = 13.9, 
9.1, 5.3 Hz, 1H), 1.78 (ddd, J = 13.2, 11.2, 4.7 Hz, 1H), 1.70 (ddd, J = 12.8, 11.3, 3.9 Hz, 
1H), 1.31 (ddd, J = 18.0, 8.8, 4.3 Hz, 12H), 0.89 (t, J = 6.9 Hz, 3H).   13C NMR (125 
MHz, CDCl3): δ (ppm) = 156.04, 136.41, 128.23, 127.84, 126.89, 118.20, 84.76, 59.96, 
39.16, 34.42, 32.09, 30.33, 29.78, 29.50, 29.14, 24.35, 22.87, 14.31.   IR (cm-1): 3382, 
3055, 3023, 2924, 2852, 1639, 1493, 1459,1444, 1260, 1068, 1016, 798, 760.  HRMS 
(M*)+ = 302.2245 calculated for C20H30O2; experimental = 302.2240. 
 
(±)-1-isopropyl-2-methoxy-3-phenylcyclopent-2-enol (2.23c) 
	
Ketone S-2 (37 mg, 0.198 mmol) was dissolved in CH2Cl2 (1.0 mL) and cooled to 
0ºC.  Isopropylmagnesium bromide (492 µL, 2 M solution in THF) was then added 
dropwise, and the mixture was allowed to warm to room temperature.  After stirring for 1 
hour, the reaction was quenched with H2O (15 mL).  The aqueous layer was then 
extracted with EtOAc (3 x 20 mL).  The combined organic layers were dried over Na2SO4 
and then concentrated under vacuum.  The crude material was purified with flash column 
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chromatography with 90 : 10 hexanes : EtOAc to give product 2.23c (28 mg, 61% yield) 
as colorless oil. 
1H NMR (400 MHz, CDCl3): δ (ppm) = δ 7.49 (d, J = 7.7 Hz, 2H), 7.34 (t, J = 7.7 
Hz, 2H), 7.23 (t, J = 7.4 Hz, 1H), 3.68 (s, 3H), 2.76 (ddd, J = 15.2, 9.3, 4.1 Hz, 1H), 2.44 
(ddd, J = 15.0, 9.0, 4.8 Hz, 1H), 2.18 (ddd, J = 13.5, 9.0, 4.0 Hz, 1H), 2.11 (p, J = 6.8 Hz, 
1H), 1.90 (s, 1H), 1.76 (ddd, J = 14.0, 9.3, 4.8 Hz, 1H), 1.05 (d, J = 6.9 Hz, 3H), 0.92 (d, 
J = 7.0 Hz, 3H). 13C NMR (100 MHz, CDCl3): δ (ppm) = 155.66, 136.56, 128.21, 127.94, 
126.90, 118.49, 87.89, 60.17, 34.82, 29.74, 29.51, 18.33, 16.55. IR (cm-1): 3449, 3055, 
3023, 2958, 2936, 2872, 2853, 1642, 1598, 1493, 1466, 1444, 1215, 1036, 1014, 798, 
760, 694. HRMS (M + Na)+ = 255.1356 calculated for C15H20NaO2; experimental = 
255.1350. 
 
(±)-1-(isobutyl)-2-methoxy-3-phenylcyclopent-2-enol (2.23d) 
 
Crude 2-methoxy-3-phenylcyclopent-2-enone (100 mg, 0.532 mmol) was dissolved in 
CH2Cl2 (3 mL) and cooled to 0ºC.  Isobutylmagnesium bromide (530 mL, 2 M solution 
in Et2O) was then added dropwise, and the mixture was allowed to warm to room 
temperature.  After stirring for 3.5 hours, the reaction was quenched with H2O (15 mL).  
The aqueous layer was then extracted with EtOAc (3 x 20 mL).  The combined organic 
layers were dried over Na2SO4 and then concentrated under vacuum.  The crude material 
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was purified with flash column chromatography with 92.5 : 7.5 hexanes : EtOAc to give 
product 2.23d (93 mg, 71% yield) as a yellow oil. 
1H NMR (500 MHz, CDCl3): δ (ppm) = 7.50 (d, J = 6.8 Hz, 2H), 7.34 (t, J = 7.7 Hz, 2H), 
7.23 (t, J = 7.4 Hz, 1H), 3.69 (s, 3H), 2.75 (ddd, J = 15.1, 9.0, 3.9 Hz, 1H), 2.50 (ddd, J = 
15.0, 8.6, 5.2 Hz, 1H), 2.23 (ddd, J = 13.5, 8.7, 3.9 Hz, 1H), 1.97 (ddd, J = 13.9, 9.0, 5.2 
Hz, 1H), 1.90 – 1.79 (m, 2H), 1.76 (dd, J = 13.9, 5.6 Hz, 1H), 1.61 (dd, J = 13.9, 6.6 Hz, 
1H), 1.03 (d, J = 6.7 Hz, 3H), 1.00 (d, J = 6.7 Hz, 3H).  13C NMR (125 MHz, CDCl3): δ 
(ppm) = 156.56, 136.54, 128.22, 127.87, 126.87, 117.54, 84.77, 60.06, 47.31, 34.68, 
29.37, 25.04, 24.94, 24.26.  IR (cm-1): 3422, 3055, 2952, 2867, 1639, 1599, 1494, 1461, 
1445, 1385, 1214, 1035, 760, 695. HRMS (M + Na)+ = 269.1512 calculated for 
C16H22NaO2 ; experimental = 269.1524. 
(±)-2-methoxy-3-phenylcyclopent-2-enol (2.23e) 
	
Ketone S-2 (35 mg, 0.186 mmol) was dissolved in CH2Cl2 (1.0 mL) and cooled to 
0ºC.  DIBAL (279 µL, 1 M solution in toluene) was then added dropwise, and the 
mixture was allowed to warm to room temperature.  After stirring for 1 hour, the reaction 
was quenched with H2O (15 mL).  The aqueous layer was then extracted with EtOAc (3 x 
20 mL).  The combined organic layers were dried over Na2SO4 and then concentrated 
under vacuum.  The crude material was purified with flash column chromatography with 
90 : 10 hexanes : EtOAc to give product 2.23e (27 mg, 76% yield) as colorless oil. 
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1H NMR (400 MHz, CDCl3): δ (ppm) = 7.67 (dd, J = 8.2, 1.4 Hz, 2H), 7.34 (t, J = 
7.8 Hz, 2H), 7.21 (t, J = 7.4 Hz, 1H), 5.01 (d, J = 7.6 Hz, 1H), 3.88 (s, 3H), 3.01 – 2.73 
(m, 1H), 2.61 (ddd, J = 15.0, 8.9, 3.6 Hz, 1H), 2.50 – 2.21 (m, 1H), 1.9-1.81 (m, 2H). 13C 
NMR (100 MHz, CDCl3): δ (ppm) = 154.62, 135.69, 128.25, 127.19, 126.57, 116.10, 
74.08, 56.80, 30.67, 28.50. IR (cm-1): 3327, 3052, 2922, 2850, 1737, 1640, 1597, 1353, 
1234, 1154, 1123, 1038, 1005, 797, 758, 692. HRMS (M + Na)+ = 213.0886 calculated 
for C12H14NaO2; experimental = 213.0894. 
 
(±)-3-(2-methoxy-3-(4-methoxyphenyl)-1-methylcyclopent-2-enyl)-1H-indole (2.24a) 
	
Compound 2.16a (50 mg, 0.214 mmol) was dissolved in toluene (1.0 mL).  Indole 
(50 mg, 0.427 mmol) and then pyridinium triflate (5 mg, 0.021 mmol) were added.  Upon 
stirring at room temperature for 1 hour, the reaction mixture was concentrated under 
vacuum and then directly purified with flash column chromatography with 90 : 10 
hexanes : Et2O to give product 2.24a (64 mg, 90% yield) as light green solid. 
1H NMR (500 MHz, CDCl3): δ (ppm) =  7.95 (s, 1H), 7.80 (dd, J = 8.0, 1.2 Hz, 
1H), 7.62 (d, J = 8.8 Hz, 2H), 7.39 – 7.33 (m, 1H), 7.21 (ddd, J = 8.3, 7.1, 1.2 Hz, 1H), 
7.13 – 7.04 (m, 2H), 6.97 (d, J = 8.8 Hz, 2H), 3.88 (s, 3H), 3.46 (s, 3H), 2.94 – 2.74 (m, 
2H), 2.54 (ddd, J = 12.8, 9.1, 7.0 Hz, 1H), 2.07 (ddd, J = 12.6, 8.7, 3.8 Hz, 1H), 1.77 (s, 
3H).  13C NMR (125 MHz, CDCl3): δ (ppm) = 158.75, 158.03, 137.23, 129.75, 128.68, 
126.41, 123.47, 121.90, 120.83, 120.77, 119.35, 115.33, 113.71, 111.38, 58.99, 55.46, 
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48.13, 37.48, 29.95, 25.19.  IR (cm-1): 3411, 3056, 2958, 2932, 2837, 1606, 1509, 1455, 
1243, 1177, 1098, 1030, 831, 796, 733.  HRMS (M+Na)+ = 356.1621 calculated for 
C22H23NNaO2; experimental = 356.1622. 
 
(±)-3-(2-methoxy-1-methyl-3-p-tolylcyclopent-2-enyl)-1H-indole (2.24b) 
	
Compound 2.16b (79 mg, 0.366 mmol) was dissolved in toluene (1.8 mL).  Indole 
(85 mg, 0.732 mmol) and then pyridinium triflate (8 mg, 0.036 mmol) were added.  Upon 
stirring at room temperature for 1 hour, the reaction mixture was concentrated under 
vacuum and then directly purified with flash column chromatography with 90 : 10 
hexanes : Et2O to give product 2.24b (98 mg, 84% yield) as white solid. 
1H NMR (400 MHz, CDCl3): δ (ppm) = 7.96 (s, 1H), 7.80 (dd, J = 8.0, 1.2 Hz, 
1H), 7.56 (d, J = 8.1 Hz, 2H), 7.36 (d, J = 8.3 Hz, 1H), 7.27 – 7.15 (m, 3H), 7.16 – 7.08 
(m, 1H), 7.07 (d, J = 2.2 Hz, 1H), 3.46 (s, 3H), 2.89 (ddd, J = 15.3, 8.6, 7.0 Hz, 1H), 2.79 
(ddd, J = 14.7, 9.2, 3.7 Hz, 1H), 2.60 – 2.45 (m, 1H), 2.40 (s, 3H), 2.06 (ddd, J = 12.6, 
8.6, 3.7 Hz, 1H), 1.76 (s, 3H).  13C NMR (100 MHz, CDCl3): δ (ppm) = 159.53, 137.24, 
135.87, 134.25, 128.95, 127.50, 126.42, 123.47, 121.92, 120.85, 120.75, 119.37, 115.48, 
111.37, 59.11, 48.24, 37.52, 30.02, 25.11, 21.40.  IR (cm-1): 3413, 2959, 2930, 2846, 
1665, 1631, 1455, 1335, 1127, 816, 735, 531.  HRMS (M + Na)+ = 340.1672 calculated 
for C22H23NNaO; experimental = 340.1669. 
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(±)-3-(3-(4-fluorophenyl)-2-methoxy-1-methylcyclopent-2-enyl)-1H-indole (2.24c) 
	
Compound 2.16c (50 mg, 0.225 mmol) was dissolved in toluene (1.1 mL).  Indole 
(53 mg, 0.450 mmol) and then pyridinium triflate (5 mg, 0.023 mmol) were added.  Upon 
stirring at room temperature for 1 hour, the reaction mixture was concentrated under 
vacuum and then directly purified with flash column chromatography with 90 : 10 
hexanes : Et2O to give product 2.24c (62 mg, 88% yield) as light green solid. 
1H NMR (500 MHz, CDCl3): δ (ppm) =  7.94 (s, 1H), 7.78 (d, J = 8.1 Hz, 1H), 
7.70 – 7.59 (m, 2H), 7.37 (d, J = 8.1 Hz, 1H), 7.22 (t, J = 7.5 Hz, 1H), 7.14 – 7.03 (m, 
4H), 3.45 (s, 3H), 2.88 (dt, J = 15.3, 8.0 Hz, 1H), 2.78 (td, J = 11.0, 10.1, 4.7 Hz, 1H), 
2.55 (dt, J = 15.8, 8.4 Hz, 1H), 2.13 – 1.98 (m, 1H), 1.77 (s, 3H).  13C NMR (125 MHz, 
CDCl3): δ (ppm) = 162.28, 160.33, 159.76 (d, J = 1.7 Hz), 137.24, 133.19, 133.17, 
129.04, 128.98, 126.36, 123.30, 122.02, 120.74, 120.72, 119.46, 115.13, 114.97, 114.54, 
111.43, 58.84, 48.13, 37.69, 29.92, 25.13.  IR (cm-1): 3411, 3055, 2960, 2927, 2848, 
1633, 1506, 1262, 1220, 1092, 1012, 835, 805, 737.  HRMS (M + Na)+ = 344.1421 
calculated for C21H20FNNaO; experimental =344.1419. 
 
(±)-3-(3-(4-chlorophenyl)-2-methoxy-1-methylcyclopent-2-enyl)-1H-indole (2.24d) 
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Compound 2.16d (50 mg, 0.209 mmol) was dissolved in toluene (1.1 mL).  Indole 
(49 mg, 0.418 mmol) and then pyridinium triflate (5 mg, 0.021 mmol) were added.  Upon 
stirring at room temperature for 1 hour, the reaction mixture was concentrated under 
vacuum and then directly purified with flash column chromatography with 90 : 10 
hexanes : Et2O to give product 2.24d (64 mg, 90% yield) as light green solid. 
1H NMR (400 MHz, CDCl3): δ (ppm) =  7.95 (s, 1H), 7.75 (d, J = 8.0 Hz, 1H), 
7.59 (d, J = 8.2 Hz, 2H), 7.36 (t, J = 8.9 Hz, 3H), 7.21 (t, J = 7.6 Hz, 1H), 7.16 – 6.99 (m, 
2H), 3.45 (s, 3H), 2.86 (dt, J = 15.4, 7.9 Hz, 1H), 2.80 – 2.69 (m, 1H), 2.62 – 2.46 (m, 
1H), 2.05 (ddd, J = 12.5, 8.5, 3.5 Hz, 1H), 1.76 (s, 3H).  13C NMR (100 MHz, CDCl3): δ 
(ppm) = 160.68, 137.22, 135.55, 131.58, 128.72, 128.35, 126.31, 123.17, 122.06, 120.70, 
120.68, 119.50, 114.34, 111.43, 58.78, 48.17, 37.80, 29.63, 25.06.  IR (cm-1): 3411, 3057, 
2961, 2937, 2845, 1629, 1544, 1489, 1260, 1091, 906, 829, 765, 728, 530. HRMS (M + 
Na)+ = 360.1126 calculated for C21H20ClNNaO; experimental =360.1129. 
 
(±)-3-(3-(4-fluorophenyl)-2-methoxy-1-methylcyclopent-2-enyl)-1H-indole (2.24e) 
	
Compound 2.16e (50 mg, 0.223 mmol) was dissolved in toluene (1.1 mL).  Indole 
(53 mg, 0.446 mmol) and then pyridinium triflate (5 mg, 0.022 mmol) were added.  Upon 
stirring at room temperature for 1 hour, the reaction mixture was concentrated under 
vacuum and then directly purified with flash column chromatography with 90 : 10 
hexanes : Et2O to give product 2.24e (67 mg, 93% yield) as white solid. 
Py•TfOH 
(10 mol%)
toluene, rt
+
2.16e
MeO
2.24e
Me
NH
N
H
OMe
MeHOS
Me
S
Me
 118 
1H NMR (500 MHz, CDCl3): δ (ppm) = 7.93 (bs, 1H), 7.83 (d, J = 8.0 Hz, 1H), 
7.37 (d, J = 8.0 Hz, 1H), 7.23 – 7.16 (m, 2H), 7.11 (dd, J = 8.0, 8.0 Hz, 1H), 7.08 (d, J = 
2.1 Hz, 1H), 6.84 (d, J = 5.1 Hz, 1H), 3.42 (s, 3H), 2.84 – 2.68 (m, 2H), 2.55 (dt, J = 
13.0, 8.0 Hz, 1H), 2.27 (s, 3H), 2.05 (ddd, J = 13.0, 8.0, 3.8 Hz, 1H), 1.71 (s, 3H). 13C 
NMR (125 MHz, CDCl3): δ (ppm) = 160.86, 137.25, 134.80, 134.55, 129.88, 126.30, 
123.55, 122.98, 121.95, 120.93, 120.72, 119.26, 111.46, 105.94, 58.73, 48.31, 37.21, 
33.50, 25.23, 15.06. IR (cm-1): 3350, 2958, 2923, 2853, 1456, 1262, 1104, 1083, 1014, 
798, 737, 712. HRMS (M + H)+ = 324.1417 calculated for C20H22NOS; experimental = 
324.1414. 
 
(±)-3-(2-methoxy-1-methyl-3-(naphthalen-1-yl)cyclopent-2-enyl)-1H-indole (2.24f) 
 
Compound 2.16f (60 mg, 0.236 mmol) was dissolved in toluene (1.2 mL).  Indole 
(55 mg, 0.472 mmol) and then pyridinium triflate (5 mg, 0.024 mmol) were added.  Upon 
stirring at room temperature for 1 hour, the reaction mixture was concentrated under 
vacuum and then directly purified with flash column chromatography with 85 : 15 
hexanes : Et2O to give product 2.24f (26 mg, 31% yield) as white solid. 
1H NMR (500 MHz, CDCl3): δ (ppm) = 8.15 (d, J = 8.2 Hz, 1H), 8.00 (d, J = 8.0 
Hz, 2H), 7.87 (d, J = 7.3 Hz, 1H), 7.78 (d, J = 8.1 Hz, 1H), 7.57 – 7.45 (m, 4H), 7.41 (d, 
J = 8.1 Hz, 1H), 7.22 (t, J = 7.2 Hz, 1H), 7.20 – 7.13 (m, 2H), 3.16 (s, 3H), 2.88 (ddd, J = 
15.0, 9.0, 6.5 Hz, 1H), 2.78 (ddd, J = 15.0, 9.0, 4.0 Hz, 1H), 2.67 (ddd, J = 12.7, 9.0, 6.5 
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Hz, 1H), 2.15 (ddd, J = 12.7, 9.0, 4.0 Hz, 1H), 1.81 (s, 3H). 13C NMR (125 MHz, 
CDCl3): δ (ppm) = 159.60, 137.33, 137.17, 133.75, 132.74, 128.54, 127.12, 127.00, 
126.49, 126.45, 126.23, 125.92, 125.48, 123.30, 121.95, 121.01, 120.80, 119.29, 111.54, 
108.81, 59.08, 48.94, 37.46, 34.92, 25.49.  IR (cm-1): 2961, 2922, 1268, 1085, 1012, 792. 
HRMS (M + H)+ = 354.1852 calculated for C25H24NO; experimental = 354.1846. 
 
(±)-3-(1-allyl-2-methoxy-3-phenylcyclopent-2-enyl)-1H-indole (2.25a) 
	
Compound 2.23a (50 mg, 0.220 mmol) was dissolved in toluene (1.0 mL).  Indole (51 
mg, 0.435 mmol) and then pyridinium triflate (5 mg, 0.022 mmol) were added.  Upon 
stirring at room temperature for 1 hour, the reaction mixture was concentrated under 
vacuum and then directly purified with flash column chromatography with 85 : 15 
hexanes : Et2O to give product 2.25a (72 mg, 80% yield) as white solid. 
1H NMR (400 MHz, CDCl3): δ (ppm) = 7.99 (s, 1H), 7.83 (dd, J = 8.0, 1.2 Hz, 
1H), 7.61 (d, J = 6.9 Hz, 1H), 7.40 (t, J = 7.8 Hz, 3H), 7.32 – 7.18 (m, 2H), 7.18 – 7.07 
(m, 2H), 6.05 (dddd, J = 16.6, 10.2, 8.0, 6.2 Hz, 1H), 5.27 (dd, J = 17.0, 1.9 Hz, 1H), 
5.16 (dd, J = 10.2, 1.2 Hz, 1H), 3.44 (s, 3H), 2.99 (dd, J = 13.6, 6.3 Hz, 1H), 2.92 – 2.79 
(m, 3H), 2.48 (ddd, J = 13.3, 9.3, 6.5 Hz, 1H), 2.29 (ddd, J = 13.3, 8.6, 4.8 Hz, 1H).  13C 
NMR (100 MHz, CDCl3): δ (ppm) 157.83, 137.25, 137.14, 135.66, 128.21, 127.94, 
126.50, 126.39, 123.08, 122.02, 120.86, 120.80, 119.45, 117.54, 116.72, 111.41, 59.49, 
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52.22, 42.54, 33.21, 31.31, 29.92.  IR (cm-1): 3414, 3072, 2921, 2850, 1736, 1638, 1491, 
1260, 1013, 800, 763, 661.  HRMS (M + H)+ = 330.1852 calculated for C23H24NO; 
experimental = 330.1843. 
 
(±)-3-(2-methoxy-1-octyl-3-phenylcyclopent-2-enyl)-1H-indole (2.25b) 
	
Compound 2.23b (23 mg, 0.076 mmol) was dissolved in toluene (0.4 mL).  Indole (18 
mg, 0.152 mmol) and then pyridinium triflate (2 mg, 0.009 mmol) were added.  Upon 
stirring at room temperature for 18 hours, the reaction mixture was concentrated under 
vacuum and then directly purified with flash column chromatography with 85 : 15 
hexanes : Et2O to give product 2.25b (25 mg, 80% yield) as white solid. 
1H NMR (500 MHz, CDCl3): δ (ppm) = 7.95 (s, 1H), 7.79 (d, J = 8.0 Hz, 1H), 
7.58 (d, J = 7.2 Hz, 2H), 7.40 – 7.33 (m, 3H), 7.22 (dd, J = 7.4, 7.4 Hz, 1H), 7.17 (dd, J = 
7.2, 7.2 Hz, 1H), 7.12 (d, J = 2.4 Hz, 1H), 7.06 (dd, J = 7.5, 7.5 Hz, 1H), 3.38 (s, 3H), 
2.81 (qdd, J = 15.0, 9.3, 5.3 Hz, 2H), 2.45 (ddd, J = 13.4, 9.6, 6.2 Hz, 1H), 2.18 (ddd, J = 
13.5, 9.1, 4.5 Hz, 1H), 2.10 (ddd, J = 9.6, 6.6, 3.0 Hz, 2H), 1.54 – 1.29 (m, 12H), 0.89 (t, 
J = 7.0 Hz, 3H). 13C NMR (125 MHz, CDCl3): δ (ppm) = 158.26, 137.37, 137.18, 128.21, 
127.85, 126.62, 126.25, 123.88, 121.93, 120.96, 120.61, 119.38, 116.32, 111.34, 59.23, 
52.30, 38.48, 33.99, 32.13, 31.37, 30.70, 29.92, 29.64, 24.60, 22.90, 14.34. IR (cm-1): 
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3417, 3054, 2955, 2921, 2851, 1492, 1258, 1090, 1013, 865, 795, 740, 698.  HRMS (M + 
Na)+ = 424.2611 calculated for C28H35NNaO; experimental = 424.2613. 
 
(±)-3-(1-isopropyl-2-methoxy-3-phenylcyclopent-2-enyl)-1H-indole  (2.25c) 
 
Compound 2.23c (20 mg, 0.086 mmol) was dissolved in toluene (0.4 mL).  Indole (20 
mg, 0.173 mmol) and then pyridinium triflate (2 mg, 0.009 mmol) were added.  Upon 
stirring at room temperature for 26 hours, the reaction mixture was concentrated under 
vacuum and then directly purified with flash column chromatography with 85 : 15 
hexanes : Et2O to give product 2.25c as an inseparable mixture of regioisomers (13 mg, 
46% yield) as white solid. 
1H NMR (500 MHz, CDCl3, * denotes the minor regioisomer): δ (ppm) = 7.96 (bs, 
1H, 1H*), 7.91 (d, J = 8.0 Hz, 1H), 7.47 (d, J = 8.4 Hz, 1H, 1H*), 7.41 (d, J = 8.1 Hz, 
1H, 1H*), 7.35 (dd, J = 10.5, 8.1 Hz, 2H, 2H*), 7.33 – 7.28 (m, 2H, 2H*), 7.24 – 7.14 
(m, 3H, 2H*), 7.11 – 7.10 (m, 1H, 1H*), 6.98 (dd, J = 7.6 Hz, 1H), 3.32 (s, 3H*), 3.23 (s, 
3H), 3.03 (p, J = 6.9 Hz, 1H), 2.97 – 2.88 (m, 1H), 2.80 (p, J = 6.8 Hz, 1H*), 2.74 – 2.65 
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(m, 1H, 1H*), 2.61 (ddd, J = 13.0, 8.2, 4.9 Hz, 1H), 2.43 – 2.22 (m, 2H, 2H*), 1.13 (dd, J 
= 9.6, 7.3 Hz, 3H, 3H*), 1.07 (d, J = 6.6 Hz, 3H*), 0.98 (d, J = 6.5 Hz, 3H). 13C NMR 
(125 MHz, CDCl3, * denotes the minor regioisomer): δ (ppm) = 159.10*, 155.04, 147.34, 
137.73*, 137.17, 137.13*, 128.07, 128.06*, 128.03*, 127.98, 127.90, 126.96, 126.79*, 
126.21*, 126.00, 122.77, 122.13*, 121.90*, 121.86, 121.77, 121.75*, 121.70, 121.53*, 
119.17*, 119.11, 115.42* , 111.27*, 111.21, 61.12, 59.89*, 56.98, 56.01*, 38.19, 32.93, 
32.06*, 29.92, 28.03*, 25.99*, 24.89, 21.46*, 21.40, 18.67*, 18.49. HRMS (M + H)+ = 
354.1828 calculated for C23H25NNaO; experimental =354.1834. 
 
(±)-3-(3-isobutyl-2-methoxy-1-phenylcyclopent-2-en-1-yl)-1H-indole (2.25d) 
 
Compound 2.23d (93 mg, 0.378 mmol) was dissolved in toluene (1.9 mL).  Indole (88 
mg, 0.756 mmol) and then pyridinium triflate (8.7 mg, 0.038 mmol) were added.  Upon 
stirring at room temperature for 22 hours, the reaction mixture was concentrated under 
vacuum and then directly purified with flash column chromatography with 75 : 25 
hexanes : CH2Cl2 to give product 2.25das a 1:1 mixture of regioisomers (85 mg, 65 % 
yield) as brown oil. 
1H NMR (500 MHz, CDCl3, 2.25d-F1): δ (ppm) = 7.93 (bs, 1H), 7.85 (d, J = 8.0 Hz, 
1H), 7.57 (d, J = 7.4 Hz, 2H), 7.38 – 7.34 (m, 3H), 7.27 – 7.15 (m, 2H), 7.10 (d, J = 2.6 
Hz, 1H), 7.09 (dd, J = 7.3, 0.9 Hz, 1H), 3.35 (s, 3H), 2.92 (ddd, J = 14.5, 9.5, 4.7 Hz, 
+
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1H), 2.79 (ddd, J = 14.8, 9.3, 5.5 Hz, 1H), 2.52 (ddd, J = 13.4, 9.5, 5.4 Hz, 1H), 2.25 
(ddd, J = 13.7, 9.3, 4.7 Hz, 1H), 2.17 (dd, J = 13.7, 4.3 Hz, 1H), 2.02 (dd, J = 13.7, 6.7 
Hz, 1H), 1.89 (m, 1H), 1.04 (d, J = 2.3 Hz, 3H), 1.03 (d, J = 2.2 Hz, 3H).  13C NMR (125 
MHz, CDCl3): δ (ppm) = 158.60, 137.58, 137.16, 128.17, 127.92, 126.61, 126.22, 
123.80, 121.87, 121.19, 120.52, 119.31, 115.45, 111.31, 59.34, 52.43, 46.88, 34.19, 
31.70, 25.90, 24.95, 24.62.  IR (cm-1): 3416, 3055, 2952, 2866, 1637, 1598, 1456, 1338, 
1208, 1099, 1065, 906, 801, 763, 729, 697, 647.  HRMS (M + Na)+ = 368.1985 
calculated for C24H27NNaO; experimental = 368.1992. 
1H NMR (500 MHz, CDCl3, 2.25d-F2): δ (ppm) = 7.95 (bs, 1H), 7.44 – 7.38 (m, 2H), 
7.36 (dd, J = 8.1, 1.0 Hz, 1H), 7.34 – 7.24 (m, 3H), 7.24 – 7.17 (m, 1H), 7.16 (ddd, J = 
8.2, 7.0, 1.1 Hz, 1H), 7.12 (d, J = 2.4 Hz, 1H), 6.98 (ddd, J = 8.1, 7.1, 1.0 Hz, 1H), 3.27 
(s, 3H), 2.72 (ddd, J = 13.0, 8.8, 5.8 Hz, 1H), 2.64 (ddd, J = 13.1, 8.4, 5.0 Hz, 1H), 2.46 – 
2.36 (m, 1H), 2.32 (ddd, J = 15.2, 8.9, 5.0 Hz, 1H), 2.22 – 2.11 (m, 2H), 1.88 (m, 1H), 
0.99 (t, J = 6.5 Hz, 6H). 
 13C NMR (125 MHz, CDCl3): δ (ppm) = 157.39, 147.54, 137.13, 128.02, 128.00, 
126.93, 125.98, 122.81, 122.25, 121.88, 121.76, 120.50, 119.11, 111.22, 60.71, 56.26, 
38.68, 36.93, 30.10, 27.07, 23.06. 
 
(±)-3-(2-methoxy-3-phenylcyclopent-2-enyl)-1H-indole (2.25e) 
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Compound 2.23e (27 mg, 0.143 mmol) was dissolved in toluene (0.7 mL).  Indole 
(34 mg, 0.286 mmol) and then pyridinium triflate (3 mg, 0.014 mmol) were added.  Upon 
stirring at room temperature for 3 hours, the reaction mixture was concentrated under 
vacuum and then directly purified with flash column chromatography with 85 : 15 
hexanes : Et2O to give product 2.25e (41 mg, 99% yield) as white solid. 
1H NMR (400 MHz, CDCl3): δ (ppm) = 7.97 (s, 1H), 7.76 (d, J = 7.1 Hz, 2H), 
7.69 (d, J = 7.9 Hz, 1H), 7.38 (t, J = 7.8 Hz, 3H), 7.27 – 7.11 (m, 3H), 7.06 (d, J = 2.4 
Hz, 1H), 4.53 (d, J = 9.2 Hz, 1H), 3.65 (s, 3H), 2.91 – 2.65 (m, 2H), 2.49 (dq, J = 12.5, 
8.7 Hz, 1H), 2.10 – 1.90 (m, 1H).13C NMR (125 MHz, CDCl3): δ (ppm) = 156.18, 
136.86, 136.64, 128.26, 126.91, 126.76, 125.71, 122.28, 121.59, 119.64, 119.13, 118.24, 
113.69, 111.40, 56.67, 39.88, 30.10, 29.74. IR (cm-1): 3416, 3053, 2957, 2923, 2852, 
1637, 1456, 1230, 1008, 796, 764, 695.  HRMS (M + H)+ = 290.1539 calculated for 
C20H20NO; experimental = 290.1542. 
 (±)-3-(3-isopropyl-2-methoxy-1-methylcyclopent-2-en-1-yl)-1H-indole (2.27a)  
 
Compound 2.26a (100 mg, 0.588 mmol) was dissolved in toluene (3.0 mL). 
Indole (138 mg, 1.176 mmol) and then pyridinium triflate (13 mg, 0.059 mmol) was 
added. Upon stirring at room temperature for 45 minutes, the reaction mixture was 
concentrated under vacuum and then directly purified with flash column chromatography 
with 90 : 10 hexanes : Et2O to give product 2.27a-major ( 87 mg, 55% yield) as a purple 
solid and 2.27a-minor (39 mg, 25% yield) as brown oil.  
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1H NMR (400 MHz, CDCl3, 2.27a-major): δ (ppm) = 7.91 (s, 1H), 7.76 (d, J = 
8.0 Hz, 1H), 7.33 (d, J = 8.1 Hz, 1H), 7.20 (t, J = 7.6 Hz, 1H), 7.12 (t, J = 7.5 Hz, 1H), 
6.97 (d, J = 2.5 Hz, 1H), 3.47 (s, 3H), 3.02 (p, J = 6.9 Hz, 1H), 2.54 – 2.29 (m, 3H), 2.03 
– 1.87 (m, 1H), 1.65 (s, 3H), 1.20 (d, J = 6.9 Hz, 3H), 1.13 (d, J = 6.9 Hz, 3H).  13C NMR 
(100 MHz, CDCl3): δ (ppm) = 155.48, 137.24, 126.55, 125.38, 123.66, 121.70, 120.87, 
119.04, 111.37, 60.40, 46.99, 37.33, 25.88, 25.67, 24.49, 21.43, 21.36.  IR (cm
-1
): 3412, 
3057, 2958, 2867, 2846, 1670, 1457, 1334, 1259, 1127, 1099, 800, 766. HRMS (M+H)+ 
= 269.178 calculated for C18H24NO ; experimental =269.1780.  
1H NMR (500 MHz, CDCl3, 2.27a-minor): δ (ppm) = 7.89 (s, 1H), 7.86 (dd, J = 
8.0, 1.2 Hz, 1H), 7.33 (d, J = 8.1 Hz, 1H), 7.18 (t, J = 6.9 Hz, 1H), 7.13 – 7.05 (m, 2H), 
3.59 (s, 3H), 2.64 (hept, J = 6.8 Hz, 1H), 2.49 – 2.37 (m, 1H), 2.33 – 2.19 (m, 2H), 2.14 
(ddd, J = 13.5, 9.7, 6.0 Hz, 1H), 1.79 (s, 3H), 0.97 (d, J = 6.9 Hz, 3H), 0.91 (d, J = 6.9 
Hz, 3H). 13C NMR (125 MHz, CDCl3): δ (ppm) = 155.94, 137.11, 126.81, 122.59, 
121.79, 121.54, 121.37, 118.94, 111.66, 111.21, 59.73, 56.02, 33.71, 32.77, 28.62, 18.60, 
18.49, 13.65.  
 
(±)-3-(3-isobutyl-2-methoxy-1-methylcyclopent-2-en-1-yl)-1H-indole (2.27b) 
 
Compound 2.26b (100 mg, 0.543 mmol) was dissolved in toluene (1.4 mL).  Indole (128 
mg, 1.086 mmol) and then pyridinium triflate (12.4 mg, 0.054 mmol) were added.  Upon 
stirring at room temperature for 1 hour, the reaction mixture was concentrated under 
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vacuum and then directly purified with flash column chromatography with 75 : 25 
hexanes : CH2Cl2 to give product 2.27b as an mixture of regioisomers (121 mg, 78 % 
yield) as colorless oil. 
1H NMR (500 MHz, CDCl3, 2.27b-major): δ (ppm) = 7.90 (bs, 1H), 7.76 (d, J = 
8.0 Hz, 1H), 7.34 (d, J = 8.1 Hz, 1H), 7.18 (dd, J = 7.3, 7.3 Hz, 1H), 7.09 (dd, J = 7.2, 7.2 
Hz, 1H), 7.02 (d, J = 2.4 Hz, 1H), 3.47 (s, 3H), 2.45 (ddd, J = 12.4, 9.0, 6.5 Hz, 1H), 2.40 
– 2.32 (m, 2H), 2.19 – 2.08 (m, 2H), 1.98 – 1.83 (m, 2H), 1.63 (s, 3H), 1.00 (d, J = 6.6 
Hz, 3H), 0.98 (d, J = 6.6 Hz, 3H). 13C NMR (125 MHz, CDCl3): δ (ppm) = 157.98, 
137.24, 126.55, 123.77, 121.76, 120.94, 120.89, 119.08, 118.06, 111.34, 59.98, 47.18, 
37.60, 36.91, 29.70, 27.05, 25.82, 23.15, 22.97. IR (cm-1): 3411, 2954, 2868, 1670, 1457, 
1417, 1335, 1261, 1242, 1174, 1099, 1012, 909, 802, 736. HRMS (M + Na)+ = 306.1828 
calculated for C19H25NNaO; experimental = 306.1839. 
1H NMR (500 MHz, CDCl3, 2.27b-minor): δ (ppm) = 7.87 (bs, 1H), 7.77 (d, J = 
8.0 Hz, 1H), 7.33 (d, J = 8.1 Hz, 1H), 7.16 (dd, J = 7.5, 7.5 Hz, 1H), 7.07 (dd, J = 7.5, 7.5 
Hz, 1H), 7.04 (d, J = 2.4 Hz, 1H), 3.55 (s, 3H), 2.46 – 2.27 (m, 3H), 2.17 – 2.08 (m, 1H), 
2.05 (dd, J = 13.6, 4.3 Hz, 1H), 1.80 (s, 3H), 1.77 – 1.69  (m, 1H), 0.94 (d, J = 3.0 Hz, 
3H), 0.93 (d, J = 2.9 Hz, 3H). 13C NMR (125 MHz, CDCl3): δ (ppm) = 155.82, 137.17, 
126.72, 124.13, 121.67, 121.34, 120.45, 119.05, 111.97, 111.22, 59.57, 51.55, 46.77, 
34.44, 33.62, 25.78, 24.99, 24.50, 13.63. 
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(±)-2-(2-methoxy-1-methyl-3-phenylcyclopent-2-en-1-yl)-1H-pyrrole (2.30a) 
 
Compound 2.12 (50 mg, 0.245 mmol) was dissolved in toluene (1.2 mL).  Pyrrole 
(34 µL, 0.490 mmol) and then pyridinium triflate (6 mg, 0.025 mmol) were added.  Upon 
stirring at room temperature for 1.5 hours, the reaction mixture was then directly purified 
with flash column chromatography with 100% hexanes  90 : 10 hexanes : Et2O to give 
product 2.30a (28 mg, 45% yield) as yellow oil. 
1H NMR (500 MHz, CDCl3): δ  = 8.32 (bs, 1H), 7.56 (d, J = 9.7 Hz, 2H), 7.34 (t, 
J = 7.6 Hz, 2H), 7.22 (t, J = 7.2 Hz, 1H), 6.73-6.72 (m, 1H), 6.18-6.16 (m, 1H), 6.06-6.04 
(m, 1H), 3.48 (s, 3H), 2.78-2.68 (m, 2H), 2.32-2.26 (m, 1H), 2.07 (ddd, J = 12.7, 8.5, 5.7 
Hz, 1H), 1.61 (s, 3H). 13C NMR (125 MHz, CDCl3): δ = 158.63, 138.23, 136.30, 128.08, 
127.39, 126.37, 116.59, 116.29, 108.04, 103.37, 59.00, 48.14, 37.30, 29.61, 24.78. IR 
(neat): cm-1; 3442, 2963, 2935, 2846, 1634, 1599, 1493, 1444, 1417, 1341, 1325, 1308, 
1272, 1239, 1211, 1173, 1102, 1077, 1032, 988, 787, 763, 719, 697, 536. HRMS (M + 
H)+ = 254.1539 calculated for C17H20NO;  experimental = 254.1529. 
 
(±)-2-(2-methoxy-1-methyl-3-phenylcyclopent-2-en-1-yl)-3,5-dimethyl-1H-pyrrole 
(2.30b) 
 
Py•TfOH 
(10 mol%)
toluene, rt
+
2.12
OMe
MeHO
MeO
2.30a
Me HN
H
N
Py•TfOH 
(10 mol%)
toluene, rt
+
2.12
OMe
MeHO
MeO
2.30b
Me HN
H
N Me
Me
Me
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Compound 2.12 (50 mg, 0.245 mmol) was dissolved in toluene (1.2 mL).  2,4-
Dimethylpyrrole (50 µL, 0.490 mmol) and then pyridinium triflate (6 mg, 0.025 mmol) 
were added.  Upon stirring at room temperature for 30 minutes, the reaction mixture was 
then directly purified with flash column chromatography with 100% hexanes  95 : 5 
hexanes : Et2O  90 : 10 hexanes : Et2O  80 : 20 hexanes : Et2O to give product 2.30b 
(57 mg, 83% yield) as yellow oil. 
1H NMR (500 MHz, CDCl3): δ  = 8.01 (bs, 1H), 7.56-7.54 (m, 2H), 7.37-7.33 (m, 
2H), 7.24-7.20 (m, 1H), 5.67 (d, J = 2.9 Hz, 1H), 3.56 (s, 3H), 2.79 (ddd, J = 14.8, 8.8, 
6.8 Hz, 1H), 2.61 (ddd, J = 14.8, 9.0, 3.8 Hz, 1H), 2.36 (ddd, J = 12.8, 9.2, 6.8 Hz, 1H), 
2.22 (s, 3H), 2.14-2.09 (m, 1H), 2.11 (s, 3H), 1.60 (s, 3H). 13C NMR (125 MHz, CDCl3): 
δ = 158.66, 136.55, 131.20, 128.56, 127.38, 126.27, 123.78, 116.40, 113.28, 109.51, 
59.48, 48.73, 37.08, 29.77, 24.93, 12.95, 12.40. IR (cm-1): 3442, 2963, 2935, 2846, 1634, 
1599, 1493, 1444, 1417, 1341, 1325, 1308, 1272, 1239, 1211, 1173, 1102, 1077, 1032, 
988, 787, 763, 719, 697, 536. HRMS (M + H)+ =  282.1852 calculated for C19H24NO;  
experimental = 282.1850. 
 
(±)-1-(2-methoxy-1-methyl-3-phenylcyclopent-2-en-1-yl)azulene (2.30c) 
 
Compound 2.12 (20 mg, 0.098 mmol) was dissolved in toluene (0.6 mL).  
Azulene (14 , 0.108 mmol) and then pyridinium triflate (2 mg, 0.010 mmol) were 
Py•TfOH 
(10 mol%)
toluene, rt
+
2.12
OMe
MeHO
MeO
2.30c
Me
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added.  Upon stirring at room temperature for 30 minutes, the reaction mixture was then 
directly purified with flash column chromatography with 100% hexanes  99.75 : 0.25 
hexanes : Et2O to give product 2.30c (19 mg, 62% yield) as a blue oil. 
1H NMR (500 MHz, CDCl3): δ  = 8.70 (d, J = 9.9 Hz, 1H), 8.30 (d, J = 9.7 Hz, 
1H), 7.96 (d, J = 3.9 Hz, 1H), 7.69-7.63 (m, 2H), 7.55 (t, J = 9.8 Hz, 1H), 7.41-7.37 (m, 
2H), 7.34 (d, J = 4.0 Hz, 1H), 7.25-7.21 (m, 1H), 7.08 (ddd, J = 9.7, 9.7, 7.3 Hz, 2H), 
3.31 (s, 3H), 2.95 (dt, J = 14.7, 8.3 Hz, 1H), 2.79 (ddd, J = 14.7, 9.3, 2.6 Hz, 1H), 2.57 
(dt, J = 12.9, 8.9 Hz, 1H), 2.16 (ddd, J = 12.9, 8.5, 2.6 Hz, 1H), 1.92 (s, 3H). 13C NMR 
(125 MHz, CDCl3): δ =  160.67, 141.54, 137.45, 137.06, 136.78, 135.76, 135.66, 135.55, 
135.04, 128.08, 127.21, 125.86, 122.37, 121.83, 116.28, 114.00, 54.30, 49.75, 40.37, 
29.49, 26.36. IR (neat): cm-1; 3085, 3064, 3048, 3024, 2962, 2930, 2871, 2845, 1735, 
1628, 1598, 1573, 1493, 1454, 1444, 1397, 1371, 1353, 1342, 1326, 1273, 1250, 1219, 
1170, 1130, 1103, 1078, 1063, 1051, 1032, 1004, 760, 743, 695. HRMS (M + Na)+ = 
337.1563 calculated for C23H22NaO;  experimental = 337.1575. 
 
(±)-5-(2-methoxy-1-methyl-3-phenylcyclopent-2-en-1-yl)furan-2(5H)-one (2.30d) 
 
Compound 2.12 (50 mg, 0.245 mmol) was dissolved in toluene (1.2 mL).  2-
(Trimethylsiloxy)furan (82 µL, 0.490 mmol) and then pyridinium triflate (6 mg, 0.025 
mmol) were added.  Upon stirring at room temperature for 72 hours, the reaction mixture 
was then directly purified with flash column chromatography with 100% hexanes  90 : 
Py•TfOH 
(10 mol%)
toluene, rt
+
2.12
OMe
MeHO
MeO
2.30d
Me
O
O
O OTMS
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10 hexanes : Et2O  80 : 20 hexanes : Et2O to give product 2.30d as a single 
diastereomer (41 mg, 62% yield) as a pale yellow crystal. 
1H NMR (400 MHz, CDCl3): δ (ppm) = 7.48 (dd, J = 5.8, 1.4 Hz, 1H), 7.40-7.31 
(m, 4H), 7.25-7.21 (m, 1H), 6.17 (dd, J = 5.7, 2.1 Hz, 1H), 5.09 (t, J = 1.7 Hz, 1H), 3.53 
(s, 3H), 2.66-2.58 (m, 1H), 2.45 (ddd, J = 15.0, 8.9, 6.0 Hz, 1H), 1.77 (ddd, J = 13.3, 8.9, 
4.2 Hz, 1H), 1.65-1.58 (m, 1H), 1.43 (s, 3H). 13C NMR (100 MHz, CDCl3): δ = 173.32, 
155.40, 155.11, 136.11, 128.08, 127.92, 126.84, 122.21, 117.70, 88.39, 60.11, 52.85, 
31.13, 28.55, 22.91. IR (neat): cm-1; 3056, 3023, 2966, 2937, 2851, 1787, 1753, 1644, 
1599, 1494, 1445, 1374, 1312, 1273, 1256, 1216, 1161, 1116, 1091, 1063, 1042, 991, 
893, 822, 796, 764, 701, 540. HRMS (M + H)+ =  271.1329 calculated for C17H19O3;  
experimental = 271.1322. 
 
(±)-(2,3-dimethoxy-3-methylcyclopent-1-en-1-yl)benzene (2.30e) 
	
Compound 2.12 (100 mg, 0.490 mmol) was dissolved in toluene (2.4 mL).  4Å 
molecular sieves (118 mg), methanol (40 µL, 0.980 mmol), and then pyridinium triflate 
(12 mg, 0.050 mmol) were added.  Upon stirring at room temperature for 23 hours, the 
reaction mixture was then directly purified with flash column chromatography (buffered 
with 2% TEA) with 100% hexanes  85 : 15 hexanes : Et2O to give product 2.30e (74 
mg, 69% yield) as colorless oil. 
Py•TfOH 
(10 mol%)
toluene, rt
4Å MS
+
2.12
OMe
MeHO
MeO
O
2.30e
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Me
MeOH
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1H NMR (400 MHz, CDCl3): δ  (ppm) = 7.61-7.58 (m, 2H), 7.38-7.34 (m, 2H), 
7.27-7.23 (m, 1H), 3.77 (s, 3H), 3.30 (s, 3H), 2.68 (ddd, J = 15.1, 8.9, 5.1 Hz, 1H), 2.59 
(ddd, J = 15.1, 8.9, 4.4 Hz, 1H), 2.20 (ddd, J = 13.6, 9.0, 4.4 Hz, 1H), 1.91 (ddd, J = 14.0, 
8.9, 5.1 Hz, 1H), 1.52 (s, 3H). 13C NMR (125 MHz, CDCl3): δ (ppm) = 153.71, 135.96, 
128.08, 127.43, 126.71, 119.66, 86.77, 58.46, 50.55, 31.34, 28.92, 24.90. IR (cm-1): 2968, 
2934, 2850, 1638, 1599, 1493, 1444, 1370, 1345, 1328, 1308, 1279, 1250, 1218, 1189, 
1154, 1125, 1089, 1064, 1031, 988, 911, 876, 856, 760, 719, 693, 653, 596, 534. HRMS 
(M + Na)+ = 241.1199 calculated for C14H18NaO2;  experimental = 241.1211. 
 
(±)-(3-((2-methoxy-1-methyl-3-phenylcyclopent-2-en-1-yl)oxy)propyl)benzene (2.30f) 
 
Compound 2.12 (50 mg, 0.245 mmol) was dissolved in toluene (1.2 mL).  3-
Phenyl-1-propanol (67 µL, 0.490 mmol) and then pyridinium triflate (6 mg, 0.025 mmol) 
were added.  Upon stirring at room temperature for 1 hour, the reaction mixture was then 
directly purified with flash column chromatography (buffered with 2% TEA) with 100% 
hexanes  98 : 2 hexanes : Et2O  95 : 5 hexanes : Et2O  90 : 10 hexanes : Et2O to 
give product 2.30f (31 mg, 39% yield) as colorless oil. 
1H NMR (500 MHz, CDCl3): δ  = 7.57 (d, J = 7.9 Hz, 2H), 7.34 (t, J = 7.7 Hz, 
2H), 7.29-7.16 (m, 6H), 3.75 (s, 3H), 3.43 (t, J = 6.6 Hz, 2H), 2.71 (t, J = 7.8 Hz, 2H), 
2.62 (ddd, J = 15.0, 8.8, 5.4 Hz, 1H), 2.54 (ddd, J = 15.1, 8.9, 4.4 Hz, 1H), 2.18-2.12 (m, 
1H), 1.95-1.87 (m, 3H), 1.51 (s, 3H). 13C NMR (125 MHz, CDCl3): δ =154.48, 142.20, 
136.02, 128.44, 128.26, 128.05, 127.37, 126.59, 125.69, 119.09, 86.25, 62.02, 58.45, 
Py•TfOH 
(10 mol%)
toluene, rt
+
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MeHO
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32.57, 32.30, 31.96, 28.79, 25.13. IR (neat): cm-1; 3084, 3058, 3025, 2931, 2853, 1707, 
1638, 1600, 1494, 1453, 1445, 1369, 1344, 1329, 1308, 1279, 1252, 1217, 1187, 1121, 
1087, 1065, 1030, 988, 911, 862, 797, 761, 746, 695, 581, 543, 493. HRMS (M + Na)+ = 
345.1825 calculated for C22H26NaO2;  experimental = 345.1835 
 
(±)-(2-methoxy-1-methyl-3-phenylcyclopent-2-en-1-yl)(phenyl)sulfane (2.30g) 
 
Compound 2.12 (50 mg, 0.245 mmol) was dissolved in toluene (1.2 mL).  
Thiophenol (50 µL, 0.490 mmol) and then pyridinium triflate (6 mg, 0.025 mmol) were 
added.  Upon stirring at room temperature for 1.5 hours, the reaction mixture was then 
directly purified with flash column chromatography with 100% hexanes  90 : 10 
hexanes : Et2O  80 : 20 hexanes : Et2O to give product 2.30g (57 mg, 78% yield) as 
colorless oil. 
1H NMR (400 MHz, CDCl3): δ  = 7.62-7.59 (2H, m), 7.38-7.19 (8H, m), 3.73 
(3H, s), 2.36-2.26 (2H, m), 2.08-2.01 (1H, m), 1.86-1.78 (1H, m), 1.59 (3H, s). 13C NMR 
(100 MHz, CDCl3): δ = 155.42, 136.91, 136.17, 132.93, 128.64, 128.32, 127.97, 127.53, 
126.59, 119.37, 62.55, 60.08, 36.52, 30.11, 25.98. IR (neat): cm-1; 3054, 3020, 3962, 
2924, 2851, 1633, 1598, 1582, 1275, 1249, 1210, 1173, 1157, 1104, 989, 915, 830, 803, 
761, 749, 692, 655, 618, 560, 536, 499, 478. HRMS (M + Na)+ = 319.1127 calculated for 
C19H20NaOS;  experimental = 319.1140. 
Py•TfOH 
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(±)-2-(2-methoxy-3-methyl-3,4,5,6-tetrahydro-[1,1'-biphenyl]-3-yl)-1H-pyrrole (2.31a) 
 
Compound 2.13 (50 mg, 0.229 mmol) was dissolved in toluene (1.2 mL).  Pyrrole 
(32 µL, 0.458 mmol) and then pyridinium triflate (25 mg, 0.115 mmol) were added.  
Upon stirring at room temperature for 18 hours, the reaction mixture was then directly 
purified with flash column chromatography with 100% hexanes  90 : 10 hexanes : Et2O 
 80 : 20 hexanes : Et2O to give product 2.31a (55 mg, 89% yield) as colorless oil. 
1H NMR (500 MHz, CDCl3): δ  = 8.68 (bs, 1H), 7.39-7.36 (m, 2H), 7.34-7.31 (m, 
2H), 7.24-7.20 (m, 1H), 6.72 (ddd, J = 2.6, 2.6, 1.5 Hz, 1H), 6.17 (dd, J = 6.0, 2.7 Hz, 
1H), 6.03-6.02 (m, 1H), 3.17 (s, 3H), 2.56-2.49 (m, 2H), 2.34-2.28 (m, 1H), 2.23-2.18 
(m, 1H), 1.89-1.71 (m, 3H), 1.53 (s, 3H). 13C NMR (125 MHz, CDCl3): δ = 156.11, 
140.96, 138.85, 128.26, 128.15, 126.42, 120.79, 116.18, 107.68, 102.95, 60.85, 40.34, 
38.25, 31.56, 27.20, 19.92. IR (cm-1): 3443, 2932, 2865, 2834, 1644, 1598, 1554, 1492, 
1442, 1416, 1368, 1289, 1271, 1245, 1229, 1193, 1142, 1122, 1078, 1034, 992, 950, 884, 
832, 786, 762, 716, 698, 634, 609, 548, 502, 464. HRMS (M + H)+ = 268.1696 calculated 
for C18H22NO; experimental = 268.1702. 
(±)-2-(2-methoxy-3-methyl-3,4,5,6-tetrahydro-[1,1'-biphenyl]-3-yl)azulene (2.31c) 
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Compound 2.13 (20 mg, 0.092 mmol) was dissolved in toluene (0.46 mL).  
Azulene (13 mg, 0.101 mmol) and then pyridinium triflate (10 mg, 0.046 mmol) were 
added.  Upon stirring at room temperature for 39 hours, the reaction mixture was then 
directly purified with flash column chromatography with 100% hexanes  99.5 : 0.5 
hexanes : Et2O to give product 2.31c (12 mg, 39% yield) as blue oil. 
1H NMR (500 MHz, CDCl3): δ  = 8.87 (d, J = 9.9 Hz, 1H), 8.29 (d, J = 9.4 Hz, 
1H), 7.99 (d, J = 3.9 Hz, 1H), 7.56 (t, J = 9.8 Hz, 1H), 7.49 (d, J = 8.0 Hz, 2H), 7.36-7.33 
(m, 3H), 7.25-7.21 (m, 1H), 7.10 (dt, J = 13.0, 9.9 Hz, 2H), 3.04 (s, 3H), 2.74-2.69 (m, 
1H), 2.66-2.59 (m, 1H), 2.45-2.39 (m, 1H), 1.96-1.87 (m, 2H), 1.89 (s, 3H), 1.84-1.78 
(m, 1H).  13C NMR (125 MHz, CDCl3): δ = 158.94, 141.49, 141.37, 137.29, 136.92, 
136.74, 136.53, 135.14, 134.31, 128.38, 128.23, 126.31, 122.23, 121.24, 118.27, 116.41, 
61.10, 42.63, 40.88, 31.69, 26.56, 20.54. IR (neat): cm-1; 2967, 2933, 2863, 2834, 1643, 
1571, 1455, 1442, 1396, 1136, 1025, 1009, 999, 762, 742, 698. HRMS (M + H)+ = 
329.1900 calculated for C24H25O;  experimental = 329.1911. 
 
(±)-6-methoxy-5-methyl-5-(3-phenylpropoxy)-2,3,4,5-tetrahydro-1,1'-biphenyl (2.31f) 
 
Compound 2.13 (50 mg, 0.229 mmol) was dissolved in toluene (1.2 mL).  3-
Phenyl-1-propanol (62 µL, 0.458 mmol) and then pyridinium triflate (5 mg, 0.023 mmol) 
were added.  Upon stirring at room temperature for 4 hours, the reaction mixture was 
then directly purified with flash column chromatography (buffered with 2% TEA) with 
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100% hexanes  98 : 2 hexanes : Et2O  95 : 5 hexanes : Et2O  90 : 10 hexanes : 
Et2O to give product 2.31f (72 mg, 94% yield) as colorless oil. 
1H NMR (500 MHz, CDCl3): δ  = 7.36-7.17 (m, 10H), 3.53-3.47 (m, 2H), 3.28 (s, 
3H), 2.76-2.72 (m, 2H), 2.38 (t, J = 5.9 Hz, 1H), 2.06 (ddd, J = 13.4, 7.8, 3.0 Hz, 1H), 
1.96-1.85 (m, 3H), 1.69-1.62 (m, 1H), 1.61-1.55 (m, 1H), 1.42 (s, 3H). 13C NMR (125 
MHz, CDCl3): δ =  154.00, 142.39 140.54, 128.51, 128.32, 128.25, 120.08, 126.54, 
125.63, 123.46, 75.94, 61.62, 60.76, 35.07, 32.61, 32.23, 31.43, 23.75, 19.70. IR (neat): 
cm-1; 3082, 3058, 3025, 2932, 2862, 2833, 1645, 1600, 1493, 1475, 1453, 1443, 1385, 
1365, 1339, 1299, 1275, 1237, 1191, 1156, 1131, 1104, 1071, 1043, 1011, 990, 961, 930, 
909, 881, 858, 805, 759, 747, 696, 666, 653, 633, 620, 599, 577, 541, 494. HRMS (M + 
Na)+ = 359.1982 calculated for C23H28NaO2;  experimental = 359.1987. 
 
 (±)-(2-methoxy-3-methyl-3,4,5,6-tetrahydro-[1,1'-biphenyl]-3-yl)(phenyl)sulfane 
(2.31g) 
 
Compound 2.13 (50 mg, 0.229 mmol) was dissolved in toluene (1.2 mL).  
Thiophenol (47 µL, 0.458 mmol) and then pyridinium triflate (5 mg, 0.023 mmol) were 
added.  Upon stirring at room temperature for 20 hours, the reaction mixture was then 
directly purified with flash column chromatography (buffered with 2% TEA) with 100% 
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hexanes  98 : 2 hexanes : Et2O  95 : 5 hexanes : Et2O  90 : 10 hexanes : Et2O  
80 : 20 hexanes : Et2O to give product 2.31g (66 mg, 93% yield) as colorless oil. 
1H NMR (500 MHz, CDCl3): δ = 7.63-7.61 (m, 2H), 7.39-7.32 (m, 7H), 7.26-7.22 
(m, 1H), 3.30 (s, 3H), 2.43-2.29 (m, 2H), 2.09-2.02 (m, 1H), 2.01-1.95 (m, 1H), 1.72-
1.66 (m, 2H), 1.46 (s, 3H). 13C NMR (125 MHz, CDCl3): δ = 154.21, 140.51, 137.36, 
132.67, 129.07, 128.61, 128.45, 128.32, 128.16, 127.53, 127.16, 126.63, 122.88, 61.40, 
54.39, 37.45, 31.33, 26.34, 19.49. IR (neat): cm-1; 3054, 3019, 2930, 2861, 2833, 1637, 
1598, 1491, 1475, 1438, 1368, 1335, 1287, 1265, 1236, 1194, 1168, 1144, 1126, 1084, 
1068, 1039, 1016, 1001, 990, 956, 922, 866, 849, 802, 748, 692, 645, 633, 609, 585, 566, 
554, 524, 480. HRMS (M + Na)+ = 333.1284 calculated for C20H22NaOS;  experimental 
= 333.1273. 
 
(±)-2-(1H-indol-3-yl)-2-methyl-5-phenylcyclopentanone (2.32) 
 
Compound 2.14a (50 mg, 0.165 mmol) was dissolved in THF (1.7 mL).  After 
cooling the solution to -20°C, TsOH•H2O (63 mg, 0.320) was added, and the reaction 
mixture was stirred at this temperature for 72 hours until the completion of reaction, as 
monitored by TLC.  The reaction mixture was neutralized with aqueous sodium 
bicarbonate (10 mL) and extracted with EtOAc (3 x 10 mL). The combined organic 
layers were then washed with water, followed by brine, and concentrated in vacuo. The 
crude residue was further purified by flash column chromatography with 90:10 hexanes : 
MeO
2.14a
O
NH
TsOH•H2O
THF, -20°C
2.32
NH
Me Me
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EtOAc to afford product 2.32 as a 5.5:1 mixture of diastereoisomers (35 mg, 73% yield) 
as a white solid.  
Major diastereomer: 1H NMR (500 MHz, CDCl3): δ (ppm) = 8.00 (bs, 1H), 7.85 
(d, J = 8.0 Hz, 1H), 7.37 (d, J = 8.0 Hz, 1H), 7.27 – 7.18 (m, 5H), 7.14 (d, J = 7.1 Hz, 
1H), 7.12 – 7.08 (m, 2H), 6.77 (d, J = 2.5 Hz, 1H), 3.49 (dd, J = 10.9, 8.4 Hz, 1H), 2.99 – 
2.92 (m, 1H), 2.43 – 2.35 (m, 1H), 2.14 – 2.03 (m, 2H), 1.64 (s, 3H).  13C NMR (125 
MHz, CDCl3): δ (ppm) = 218.12, 139.08, 137.57, 128.67, 128.38, 126.93, 125.50, 
122.43, 122.40, 120.94, 119.71, 115.94, 111.70, 55.09, 50.17, 35.88, 28.12, 24.86. IR 
(cm-1): 3334, 2959, 2922, 2853, 1722, 1457, 1259, 1089, 1022, 798, 742. HRMS (M + 
H)+ = 290.1545 calculated for C20H20NO; experimental = 290.1539. 
 
(±)-3-(2-methoxy-1-methyl-3-phenylcyclopentyl)-1H-indole (2.33) 
 
Compound 2.14a (50 mg, 0.165 mmol) was dissolved in THF (1.7 mL), and Pd/C 
(100 mg) was then added.  The reaction mixture was stirred at room temperature under a 
hydrogen balloon for 24 hours until the completion of reaction, as monitored by TLC.  
The suspension was then filtered through a pad of celite and washed with EtOAc.  After 
concentrating the filtrate in vacuo, the crude residue was further purified by flash column 
chromatography with 85:15 hexanes : EtOAc to afford product 2.33 as a 2.3:1 mixture of 
diastereoisomers (33 mg, 64% yield) as a white solid. 
MeO
2.14a
MeOH2, Pd/C
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Major diastereomer: 1H NMR (500 MHz, CDCl3): δ (ppm) = 7.96 (bs, 1H), 7.80 
(d, J = 8.0 Hz, 1H), 7.44 (d, J = 7.3 Hz, 2H), 7.37 – 7.30 (m, 3H), 7.23 (dd, J = 7.3, 7.3 
Hz, 1H), 7.20 – 7.15 (m, 1H), 7.15 – 7.06 (m, 1H), 6.99 (d, J = 2.4 Hz, 1H), 3.91 (d, J = 
4.2 Hz, 1H), 3.73 (td, J = 9.5, 4.2 Hz, 1H), 2.71 – 2.58 (m, 1H), 2.50 (s, 3H), 2.38 – 2.23 
(m, 2H), 1.98 (ddd, J = 12.6, 8.0, 4.9 Hz, 1H), 1.56 (s, 3H). 13C NMR (125 MHz, 
CDCl3): δ (ppm) = 141.72, 137.23, 129.39, 128.08, 126.78, 126.23, 122.83, 121.63, 
121.20, 121.11, 118.92, 111.42, 92.89, 59.84, 48.81, 48.67, 36.10, 28.13, 27.88. IR (cm-
1): 3290, 2960, 2925, 1455, 1261, 1092, 1014, 802, 738, 698. HRMS (M + H)+ = 
328.1672 calculated for C21H23NNaO; experimental = 328.1670.  
 
(±)-1-(3-(2-methoxy-1-methyl-3-phenylcyclopent-2-enyl)-1H-indol-1-yl)ethanone (2.34) 
	
A solution of diisopropylamine (0.7 mL, 4.95 mmol) in THF (8 mL) was cooled 
to 0°C. n-BuLi (1.98 mL, 2.5M in hexane) was then added dropwise.  After stirring for 
30 minutes, a solution of compound 2.14a (500 mg, 1.65 mmol) in THF (8 mL) was 
added dropwise.  Upon further stirring for 60 minutes, acetic anhydride (0.47 mL, 4.95 
mmol) was added.  The reaction was continued for another 60 minutes until the 
completion of reaction, as monitored by TLC. The reaction was then quenched with 
saturated aqueous solution of NH4Cl (10 mL), and the mixture was partitioned between 
EtOAc/H2O (50 mL, 1:1).  The aqueous layer was extracted with EtOAc (3 x 50 mL).  
The combined organic layers were then washed thoroughly with water, followed by brine, 
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dried over Na2SO4, and concentrated in vacuo.  The crude material was further purified 
by flash column chromatography with 85:15 hexanes : EtOAc to afford compound 2.34 
(500 mg, 88%) as white solid. 
1H NMR (400 MHz, CDCl3): δ (ppm) = 8.50 (d, J = 7.6 Hz, 1H), 7.76 (d, J = 7.8 
Hz, 1H), 7.62 (d, J = 7.7 Hz, 2H), 7.41 (d, J = 7.5 Hz, 2H), 7.38 (d, J = 7.9 Hz, 1H), 7.33 
(d, J = 10.2 Hz, 1H), 7.27 (dd, J = 7.5, 7.5 Hz, 2H), 3.49 (s, 3H), 3.02 – 2.90 (m, 1H), 
2.80 (ddd, J = 14.9, 9.4, 3.2 Hz, 1H), 2.67 (s, 3H), 2.51 (ddd, J = 13.0, 9.3, 7.5 Hz, 1H), 
2.11 – 1.99 (m, 1H), 1.76 (s, 3H).	 13C NMR (100 MHz, CDCl3): δ (ppm) = 168.63, 
158.94, 136.83, 136.79, 129.62, 129.26, 128.30, 127.72, 126.57, 125.16, 123.56, 121.47, 
120.85, 116.93, 116.04, 59.55, 48.37, 36.38, 30.29, 24.63, 24.32.	IR (cm-1): 2962, 2936, 
1698, 1633, 1492, 1449, 1379, 1343, 1228, 994, 933, 909, 731, 697. HRMS (M + H)+ = 
346.1802 calculated for C23H24NO2;  experimental = 346.1800. 
 
(±)-1-(3-(1-methoxy-2-methyl-5-phenyl-6-oxabicyclo[3.1.0]hexan-2-yl)-1H-indol-1-
yl)ethanone (2.35) 
 
Compound 2.34 (40 mg, 0.116 mmol) was dissolved in dichloromethane (1.3 
mL), and the solution was then cooled to -30°C.  Meta-chloroperoxybenzoic acid (31 mg, 
0.139 mmol, 77% purity) was then added dropwise as a solution in dichloromethane (1 
mL).  The reaction mixture was slowly warmed to room temperature and then stirred for 
2 hours until the completion of reaction, as monitored by TLC.  The reaction mixture was 
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neutralized with aqueous sodium bicarbonate (5 mL) and extracted with dichloromethane 
(3 x 5 mL).  The combined organic layers were then washed with water, followed by 
brine, and then concentrated in vacuo.  The crude residue was further purified by flash 
column chromatography with 90:10 hexanes : EtOAc to afford product 2.35 as a 5:1 
mixture diastereomers (35 mg, 83% yield) as a white solid.  
Major diastereomer: 1H NMR (500 MHz, CDCl3): δ (ppm) = 8.53 (d, J = 8.1 Hz, 
1H), 7.71 (d, J = 7.9 Hz, 1H), 7.48 (d, J = 6.9 Hz, 3H), 7.42 (t, J = 7.5 Hz, 2H), 7.40 – 
7.34 (m, 2H), 7.32 – 7.28 (m, 1H), 3.48 (s, 3H), 2.57 (s, 3H), 2.23 – 2.10 (m, 2H), 2.08 – 
1.98 (m, 1H), 1.82 (s, 3H), 1.81 – 1.71 (m, 1H). 13C NMR (125 MHz, CDCl3): δ (ppm) = 
168.73, 136.67, 136.08, 129.28, 128.58, 127.99, 126.54, 125.15, 123.44, 122.79, 120.90, 
117.19, 97.57, 73.79, 54.91, 45.51, 33.74, 29.71, 24.33, 21.71. IR (cm-1): 2965, 2928, 
1705, 1449, 1391, 1229, 1199, 1073, 1023, 1009, 907, 730, 697. HRMS (M + H)+ = 
362.1751 calculated for C23H24NO3; experimental = 362.1756. 
 
(±)-methyl 2-(1-acetyl-1H-indol-3-yl)-2-methyl-5-oxo-5-phenylpentanoate (2.36) 
	
Compound 2.34 (50 mg, 0.145 mmol) was dissolved in a mixture of 
H2O/CCl4/CH3CN (1.3:1:1, 0.05 M).  NaIO4 (124 mg, 0.579 mmol) was then added, 
followed by RuCl3 (1.5 mg, 0.0073 mmol).  The reaction mixture was stirred at room 
temperature for 1.5 hours until the completion of reaction, as monitored by TLC.  The 
O
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reaction mixture was quenched with saturated aqueous Na2S2O3 (5mL), stirred for 15 
min, and then extracted with dichloromethane (3 x 5 mL).  The combined organic layers 
were then washed with water, followed by brine, and then concentrated in vacuo.  The 
crude residue was further purified by flash column chromatography with 80:20 hexanes : 
EtOAc to afford product 2.36 (40 mg, 73% yield) as a white solid.  
1H NMR (400 MHz, CDCl3): δ (ppm) = 8.47 (d, J = 7.6 Hz, 1H), 7.87 (d, J = 7.3 
Hz, 2H), 7.54 (d, J = 7.1 Hz, 2H), 7.42 (dd, J = 7.7, 7.7 Hz, 2H), 7.39 – 7.33 (m, 2H), 
7.26 (dd, J = 7.4, 7.4 Hz, 1H), 3.68 (s, 3H), 3.05 – 2.89 (m, 2H), 2.66 (s, 3H), 2.61 (dt, J 
= 9.2, 6.2 Hz, 2H), 1.72 (s, 3H). 13C NMR (125 MHz, CDCl3): δ (ppm) = 199.55, 175.89, 
168.61, 136.79, 136.51, 133.32, 128.76, 128.73, 128.20, 125.52, 125.34, 123.85, 122.19, 
120.09, 116.9, 52.66, 45.42, 34.21, 32.11, 24.34, 23.15. IR (cm-1): 2949, 2926, 1728, 
1706, 1685, 1452, 1380, 1332, 1295, 1230, 1105, 746. HRMS (M + Na)+ = 400.1519 
calculated for C23H23NNaO4; experimental = 400.1519.  
 
2-(2-((tert-butyldimethylsilyl)oxy)-3-methylcyclopent-2-en-1-yl)-1-phenylethan-1-
one (3.26a) 
 
Starting material 3.21 (200 mg, 0.876 mmol) was dissolved in dry CH2Cl2 (4.4 
mL), and 4Å molecular sieves (1.0 g) were added.  After cooling the reaction mixture to -
78°C, silylenol ether 3.9 (359 mL, 1.75 mmol) was added, followed by camphorsulfonic 
acid (20 mg, 0.088 mmol).  The solution was stirred at -78°C for 7 hours until the 
completion of reaction, as monitored by TLC.  The reaction was quenched with 
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triethylamine (0.1 mL) and was directly purified by flash column chromatography with 
50:50 hexanes : CH2Cl2 to afford product 3.26a (242 mg, 83%) as colorless oil. 
1H NMR (500 MHz): δ = 7.97 (dd, J = 8.4, 1.4 Hz, 2H), 7.65 – 7.48 (m, 1H), 7.44 
(t, J = 7.7 Hz, 2H), 3.29 (dd, J = 16.9, 2.8 Hz, 1H), 3.10 (tdd, J = 8.3, 4.4, 2.4 Hz, 1H), 
2.90 (dd, J = 16.9, 10.7 Hz, 1H), 2.28 – 2.11 (m, 3H), 1.58 (s, 3H), 1.51 – 1.40 (m, 1H), 
0.96 (s, 9H), 0.14 (s, 3H), 0.11 (s, 3H).  13C NMR (125 MHz): δ = 199.81, 147.92, 
137.23, 132.79, 128.43, 127.98, 113.74, 42.26, 41.33, 31.89, 26.94, 25.68, 18.03, 12.34, -
4.10, -4.29.  FT-IR: f (cm-1) = 2929, 2857, 1685, 1251, 1210, 907, 854, 836, 778, 752, 
729, 688, 648.  HR-MS: (M+H)+ = 331.2088 calculated for C20H30O2Si; experimental = 
331.2090. 
 
2-(2-((tert-butyldimethylsilyl)oxy)-3-methylcyclopent-2-en-1-yl)-1-(4-
nitrophenyl)ethan-1-one (7b) 
 
Starting material 3.21 (100 mg, 0.438 mmol) was dissolved in dry CH2Cl2 (2.2 
mL), and 4Å molecular sieves (500 mg) were added.  After cooling the reaction mixture 
to -78°C, silylenol ether 3.25b (208 mg, 0.876 mmol) was added, followed by 
camphorsulfonic acid (10 mg, 0.044 mmol).  The solution was stirred at -78°C for 21 
hours until the completion of reaction, as monitored by TLC.  The reaction was quenched 
with triethylamine (0.1 mL) and was directly purified by flash column chromatography 
with 50:50 hexanes : CH2Cl2 to afford product 3.26b (97 mg, 59%) as colorless oil. 
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1H NMR (500 MHz): δ = 8.30 (d, J = 8.8 Hz, 2H), 8.10 (d, J = 8.8 Hz, 2H), 3.30 
(dd, J = 16.9, 3.0 Hz, 1H), 3.07 (m, 1H), 2.93 (dd, J = 16.8, 10.2 Hz, 1H), 2.24 – 2.09 (m, 
3H), 1.55 (s, 3H), 1.50 – 1.38 (m, 1H), 0.94 (s, 9H), 0.13 (s, 3H), 0.10 (s, 3H).  13C NMR 
(125 MH): δ = 198.57, 150.24, 147.43, 141.62, 129.06, 123.78, 114.34, 42.96, 41.52, 
31.95, 26.86, 25.71, 18.08, 12.38, -4.05, -4.22.  FT-IR: f (cm-1) = 2954, 2929, 2856, 1687, 
1603, 1526, 1471, 1443, 1344, 1329, 1252, 1209, 1086, 1009, 938, 894, 836, 778, 746, 
732, 685.  HR-MS: (M+H)+ = 376.1939 calculated for C20H30NO4Si; experimental = 
376.1942. 
2-(2-((tert-butyldimethylsilyl)oxy)-3-methylcyclopent-2-en-1-yl)-1-(4-
methoxyphenyl)ethan-1-one (3.26c) 
 
Starting material 3.21 (100 mg, 0.438 mmol) was dissolved in dry CH2Cl2 (2.2 
mL), and 4Å molecular sieves (500 mg) were added.  After cooling the reaction mixture 
to -78°C, silylenol ether 3.25c (195 mg, 0.876 mmol) was added, followed by 
camphorsulfonic acid (10 mg, 0.044 mmol).  The solution was stirred at -78°C for 21 
hours until the completion of reaction, as monitored by TLC.  The reaction was quenched 
with triethylamine (0.1 mL) and was directly purified by flash column chromatography 
with 50:50 hexanes : CH2Cl2 to afford product 3.26c (93 mg, 59%) as colorless oil. 
1H NMR (500 MHz): δ = 7.95 (d, J = 8.9 Hz, 2H), 6.92 (d, J = 8.9 Hz, 2H), 3.86 
(s, 3H), 3.22 (dd, J = 16.7, 2.8 Hz, 1H), 3.13 – 3.03 (m, 1H), 2.85 (dd, J = 16.7, 10.8 Hz, 
1H), 2.22 – 2.08 (m, 3H), 1.57 (s, 3H), 1.44 (ddd, J = 13.4, 7.4, 4.5 Hz, 1H), 0.95 (s, 9H), 
0.13 (s, 3H), 0.11 (s, 3H).  13C NMR (125 MH): δ = 198.48, 163.29, 148.08, 130.45, 
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130.25, 113.74, 113.59, 55.38, 41.89, 41.46, 31.91, 26.95, 25.71, 18.07, 12.36, -4.08, -
4.26.  FT-IR: f (cm-1) = 2954, 2929, 2855, 1677, 1599, 1575, 1509, 1442, 1328, 1280, 
1252, 1211, 1167, 1073, 988, 938, 892, 855, 834, 777, 672.  HR-MS: (M+H)+ = 361.2193 
calculated for C21H33O3Si; experimental = 361.2206. 
 
1-(2-((tert-butyldimethylsilyl)oxy)-3-methylcyclopent-2-en-1-yl)-3,3-dimethylbutan-
2-one (3.26d) 
 
Starting material 3.21 (50 mg, 0.219 mmol) was dissolved in dry CH2Cl2 (1.1 mL), 
and 4Å molecular sieves (250 mg) were added.  After cooling the reaction mixture to -
78°C, silylenol ether 3.25d (95 µL, 0.438 mmol) was added, followed by 
camphorsulfonic acid (5.1 mg, 0.022 mmol).  The solution was stirred at -78°C for 36 
hours until the completion of reaction, as monitored by TLC.  The reaction was quenched 
with triethylamine (0.1 mL) and was directly purified by flash column chromatography 
with 50:50 hexanes : CH2Cl2 to afford product 3.26d (60 mg, 89%) as colorless oil. 
1H NMR (500 MHz): δ = 2.97 – 2.88 (m, 1H), 2.79 (dd, J = 18.0, 2.5 Hz, 1H), 
2.45 (dd, J = 17.9, 11.0 Hz, 1H), 2.18 – 2.08 (m, 3H), 1.55 (s, 3H), 1.32 – 1.22 (m, 1H), 
1.13 (s, 9H), 0.94 (s, 9H), 0.11 (s, 3H), 0.09 (s, 3H).  13C NMR (125 MH): δ = 215.65, 
148.11, 113.58, 44.10, 40.68, 40.45, 31.90, 27.35, 26.40, 25.72, 18.09, 12.33, -4.13, -
4.26.  FT-IR: f (cm-1) = 2959, 2930, 2858, 1707, 1689, 1473, 1380, 1362, 1328, 1258, 
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1211, 1081, 1012, 938, 858, 837, 796, 672.  HR-MS: (M+H)+ = 311.2401 calculated for 
C18H35O2Si; experimental = 311.2403. 
 
2-(2-((tert-butyldimethylsilyl)oxy)-3-methylcyclopent-2-en-1-yl)cyclohexan-1-one 
(3.26e) 
 
Starting material 3.21 (100 mg, 0.438 mmol) was dissolved in dry CH2Cl2 (2.2 
mL), and 4Å molecular sieves (500 mg) were added.  After cooling the reaction mixture 
to -78°C, silylenol ether 3.25e (170 µL, 0.876 mmol) was added, followed by 
camphorsulfonic acid (10 mg, 0.044 mmol).  The solution was stirred at -78°C for 23 
hours until the completion of reaction, as monitored by TLC.  The reaction was quenched 
with triethylamine (0.1 mL) and was directly purified by flash column chromatography 
with 50:50 hexanes : CH2Cl2 to afford product 3.26e as an inseparable 1:1 mixture of 
diastereomer (59 mg, 44%) as colorless oil. 
1H NMR (500 MHz): δ = 3.15 – 3.06 (m, 1H), 2.70 (ddt, J = 7.6, 4.0, 1.9 Hz, 1H), 
2.57 (dddd, J = 13.0, 5.6, 2.8, 1.3 Hz, 1H), 2.43 – 2.32 (m, 4H), 2.31 – 2.20 (m, 4H), 2.09 
– 1.91 (m, 8H), 1.68 – 1.58 (m, 5H), 1.52 (s, 6H), 1.47 – 1.36 (m, 4H), 0.92 (s, 18H), 
0.09 (s, 6H), 0.08 (s, 3H), 0.05 (s, 3H).  13C NMR (125 MHz, * denotes the other 
diastereomer): δ = 212.97*, 212.79, 148.50, 146.18*, 114.83*, 114.18, 55.02*, 51.71, 
44.54*, 43.69, 42.54*, 42.30, 32.97, 32.24*, 31.86, 28.07*, 27.19, 26.95*, 26.37*, 
25.78*, 25.72, 25.20, 25.10*, 22.64, 18.08*, 18.02, 12.61*, 12.23, -3.89, -4.14, -4.19*, -
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4.23*.  FT-IR: f (cm-1) = 2929, 2856, 1709, 1688, 1462, 1447, 1380, 1360, 1326, 1250, 
1209, 1127, 1081, 1007, 939, 857, 835, 777, 675.  HR-MS: (M+Na)+ = 331.2064 
calculated for C18H32NaO2Si; experimental = 331.2066. 
 
2-(2-((tert-butyldimethylsilyl)oxy)-3-methylcyclopent-2-en-1-yl)-3,4-
dihydronaphthalen-1(2H)-one (3.26f) 
 
Starting material 3.21 (50 mg, 0.219 mmol) was dissolved in dry CH2Cl2 (1.1 mL), 
and 4Å molecular sieves (250 mg) were added.  After cooling the reaction mixture to -
78°C, silylenol ether 3.25f (96 mg, 0.438 mmol) was added, followed by camphorsulfonic 
acid (5.1 mg, 0.022 mmol).  The solution was stirred at -78°C for 5 hours until the 
completion of reaction, as monitored by TLC.  The reaction was quenched with 
triethylamine (0.1 mL) and was directly purified by flash column chromatography with 
50:50 hexanes : CH2Cl2 to afford product 3.26f as an inseparable 2.5:1 mixture of 
diastereomer (59 mg, 75%) as colorless oil. 
1H NMR (500 MHz): δ = 8.04 (d, J = 7.8 Hz, 0.4H), 7.99 (d, J = 7.8 Hz, 1H), 7.49 
– 7.38 (m, 1.4H), 7.33 – 7.23 (m, 2H), 7.20 (d, J = 7.5 Hz, 1H), 3.57 – 3.53 (m, 0.4H), 
3.28 – 3.22 (m, 1H), 3.07 – 2.89 (m, 3H), 2.79 (ddd, J = 13.6, 4.3, 3.1 Hz, 0.4H), 2.49 
(dt, J = 11.7, 4.6 Hz, 1H), 2.30 – 2.24 (m, 1H), 2.21 – 1.92 (m, 6H), 1.83 (tdd, J = 13.3, 
11.7, 5.5 Hz, 04H), 1.66 – 1.61 (m, 1.2H), 1.58 (s, 3H), 1.54 (s, 3H), 0.94 (s, 3.6H), 0.82 
(s, 9H), 0.15 (s, 1.2H), 0.12 (s, 4.2H), 0.07 (s, 3H).  13C NMR (125 MHz, * denotes the 
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minor diastereomer): δ = 200.03*, 199.01, 147.61, 146.36*, 144.51*, 144.15, 133.15*, 
133.11, 133.06*, 132.73, 128.69*, 128.38 , 127.56*, 127.24 , 126.44*, 126.32, 114.89 , 
114.59*, 51.73 , 49.72*, 45.34 , 44.37*, 32.81*, 32.67 , 29.67*, 29.09, 26.24*, 25.76 , 
25.56 , 22.99*, 22.35*, 18.14*, 17.99, 12.73, 12.31*, -3.94*, -4.08.  FT-IR: f (cm-1) = 
2929, 2856, 1684, 1599, 1471, 1455, 1380, 1360, 1280, 1251, 1217, 1082, 1007, 922, 
858, 838, 780, 744, 676.  HR-MS: (M+H)+ = 357.2244 calculated for C22H33O2Si; 
experimental = 357.2245. 
 
 (E)-4-(2-((tert-butyldimethylsilyl)oxy)-3-methylcyclopent-2-en-1-yl)-1-phenylbut-2-
en-1-one (3.26g) 
 
Starting material 3.21 (50 mg, 0.219 mmol) was dissolved in dry CH2Cl2 (1.1 mL), 
and 4Å molecular sieves (250 mg) were added.  After cooling the reaction mixture to -
78°C, silylenol ether 3.25g (96 mg, 0.438 mmol) was added, followed by 
camphorsulfonic acid (5.1 mg, 0.022 mmol).  The solution was stirred at -78°C for 20 
hours until the completion of reaction, as monitored by TLC.  The reaction was quenched 
with triethylamine (0.1 mL) and was directly purified by flash column chromatography 
with 50:50 hexanes : CH2Cl2 to afford product 3.26g (39 mg, 50%) as colorless oil. 
1H NMR (500 MHz): δ = 7.92 (d, J = 7.1 Hz, 2H), 7.55 (t, J = 7.4 Hz, 1H), 7.46 
(t, J = 7.6 Hz, 2H), 7.03 (dt, J = 14.3, 7.1 Hz, 1H), 6.88 (d, J = 15.4 Hz, 1H), 2.70 – 2.61 
(m, 2H), 2.28 – 2.10 (m, 3H), 2.05 – 1.95 (m, 1H), 1.56 (s, 3H), 1.56 – 1.49 (m, 1H), 0.96 
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(s, 9H), 0.13 (s, 3H), 0.13 (s, 3H).  13C NMR (125 MHz): δ = 190.86, 148.59, 147.87, 
138.02, 132.52, 128.53, 128.45, 127.06, 113.73, 44.64, 36.77, 31.96, 25.74, 25.71, 18.12, 
12.33, -4.00, -4.17.  FT-IR: f (cm-1) = 2953, 2928, 2855, 1685, 1671, 1620, 1598, 1579, 
1471, 1462, 1446, 1380, 1336, 1283, 1184, 1085, 1009, 983, 938, 891, 859, 836, 777, 
733, 691.  HR-MS: (M+H)+ = 357.2244 calculated for C22H33O2Si; experimental = 
357.2252. 
 
2-((tert-butyldimethylsilyl)oxy)-3-methylcyclohex-2-en-1-ol (3.24) 
 
3-Methylcyclohexane-1,2-dione (3.00 g, 23.8 mmol) was dissolved in CH2Cl2 (60 
mL). TBSCl (4.12 g, 27.3 mmol) was then added, followed by imidazole (2.43 g, 35.7 
mmol).  Upon stirring at room temperature for 3 days, the reaction was quenched with 
aqueous HCl (2 M solution, 20 mL) and extracted with CH2Cl2 (3 x 30 mL).  The 
combined organic layers were dried over Na2SO4 and then concentrated under vacuum to 
yield crude product (6.25 g).  This material was then dissolved in CH2Cl2 (65 mL) and 
cooled to 0°C. DIBAL (36.4 mL, 1.0 M solution in toluene) was added dropwise.  Once 
the reaction was complete within 2 hours, as monitored by TLC, aqueous HCl (2 M 
solution, 100 mL) was added slowly.  The resulting solid precipitate was filtered through 
pad of celite, and then the aqueous layer was then extracted with CH2Cl2 (3 x 30 mL).  
The combined CH2Cl2 layers were washed with brine, dried over Na2SO4 and 
concentrated in vacuo to obtain crude product.  The crude material was purified with 
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flash column chromatography with 90 : 10 hexanes : ethyl acetate à 80 : 20 hexanes : 
ethyl acetate à 70 : 30 hexanes : ethyl acetate to yield compound 3.24 in 68% yield (3.93 
g, 16.2 mmol) over two steps as a clear, colorless oil. 
1H NMR (500 MHz): δ = 4.04 (s, 1H), 1.98 (dd, J = 15.0, 4.8 Hz, 3H), 1.89 – 1.77 
(m, 1H), 1.80 – 1.63 (m, 2H), 1.60 (s, 3H), 1.58 – 1.46 (m, 1H), 0.97 (s, 9H), 0.16 (s, 
3H), 0.15 (s, 3H).  13C NMR (125 MHz): δ = 144.01, 115.74, 67.81, 32.07, 30.72, 25.88, 
18.43, 16.66, -3.96, -4.06.  FT-IR: f (cm-1) = 3424, 2929, 2857, 1678, 1472, 1462, 1441, 
1389, 1360, 1252, 1192, 1119, 1075, 1007, 961, 922, 864, 828, 776, 707, 671.  HR-MS: 
(M+Na)+ = 265.1594 calculated for C13H26NaO2Si; experimental = 265.1592. 
 
2-(2-((tert-butyldimethylsilyl)oxy)-3-methylcyclohex-2-en-1-yl)-1-phenylethan-1-one 
(3.27a) 
 
Starting material 3.24 (100 mg, 0.412 mmol) was dissolved in dry CH2Cl2 (2.0 
mL), and 4Å molecular sieves (500 mg) were added.  After cooling the reaction mixture 
to -78°C, silylenol ether 3.9 (169 µL, 0.824 mmol) was added, followed by 
camphorsulfonic acid (9.6 mg, 0.041 mmol).  The solution was stirred at -78°C for 42 
hours until the completion of reaction, as monitored by TLC.  The reaction was quenched 
with triethylamine (0.1 mL) and was directly purified by flash column chromatography 
with 50:50 hexanes : CH2Cl2 to afford product 3.27a (87 mg, 61%) as colorless oil. 
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1H NMR (500 MHz): δ = 7.98 (d, J = 7.3 Hz, 2H), 7.55 (t, J = 7.4 Hz, 1H), 7.45 
(t, J = 7.7 Hz, 2H), 3.32 (dd, J = 17.6, 2.3 Hz, 1H), 3.05 (dd, J = 17.5, 10.8 Hz, 1H), 2.91 
– 2.82 (m, 1H), 2.06 – 1.91 (m, 2H), 1.85 (dddd, J = 13.2, 9.7, 5.8, 3.3 Hz, 1H), 1.62 (s, 
3H), 1.8 – 1.48 (m, 2H), 1.47 – 1.40 (m, 1H), 0.94 (s, 9H), 0.12 (s, 3H), 0.10 (s, 3H).  13C 
NMR (125 MHz): δ = 199.82, 144.60, 137.50, 132.87, 128.51, 127.96, 113.75, 41.14, 
34.88, 30.67, 28.98, 25.92, 19.67, 18.27, 17.12, -3.73, -4.33.  FT-IR: f (cm-1) = 2928, 
2857, 1683, 1597, 1471, 1461, 1448, 1359, 1254, 1217, 1199, 1165, 1124, 1002, 916, 
858, 828, 814, 777, 750, 689, 673.  HR-MS: (M+H)+ = 345.2244 calculated for 
C21H33O2Si; experimental = 345.2247. 
 
2-(2-((tert-butyldimethylsilyl)oxy)-3-methylcyclohex-2-en-1-yl)-1-(4-
nitrophenyl)ethan-1-one (3.27b) 
 
Starting material 3.24 (100 mg, 0.412 mmol) was dissolved in dry CH2Cl2 (2.0 
mL), and 4Å molecular sieves (500 mg) were added.  After cooling the reaction mixture 
to -78°C, silylenol ether 3.25b (196 mg, 0.824 mmol) was added, followed by 
camphorsulfonic acid (9.6 mg, 0.041 mmol).  The solution was stirred at -78°C for 30 
hours until the completion of reaction, as monitored by TLC.  The reaction was quenched 
with triethylamine (0.1 mL) and was directly purified by flash column chromatography 
with 50:50 hexanes : CH2Cl2 to afford product 3.27b (64 mg, 40%) as colorless oil. 
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1H NMR (500 MHz): δ = 8.30 (d, J = 8.8 Hz, 2H), 8.11 (d, J = 8.9 Hz, 2H), 3.38 
(dd, J = 17.7, 2.5 Hz, 1H), 3.05 (dd, J = 17.6, 10.4 Hz, 1H), 2.88 – 2.83 (m, 1H), 2.05 – 
1.82 (m, 3H), 1.61 (s, 3H), 1.58 – 1.40 (m, 3H), 0.92 (s, 9H), 0.12 (s, 3H), 0.08 (s, 3H).  
13C NMR (125 MHz): δ = 198.39, 150.24, 143.99, 141.78, 128.97, 123.81, 114.26, 41.96, 
35.00, 30.56, 29.04, 25.89, 19.67, 18.25, 17.13, -3.75, -4.32.  FT-IR: f (cm-1) = 2928, 
2857, 1692, 1603, 1525, 1471, 1461, 1405, 1344, 1317, 1254, 1195, 1163, 1124, 1096, 
1103, 91, 867, 854, 825, 813, 776, 745, 686, 675.  HR-MS: (M+H)+ = 390.2095 
calculated for C21H32NO4Si; experimental = 390.2105. 
 
 
1-(2-((tert-butyldimethylsilyl)oxy)-3-methylcyclohex-2-en-1-yl)-3,3-dimethylbutan-
2-one (3.27d) 
 
Starting material 3.24 (50 mg, 0.206 mmol) was dissolved in dry CH2Cl2 (1.0 mL), 
and 4Å molecular sieves (250 mg) were added.  After cooling the reaction mixture to -
78°C, silylenol ether 3.25d (89 µL, 0.412 mmol) was added, followed by 
camphorsulfonic acid (4.9 mg, 0.021 mmol).  The solution was stirred at -78°C for 48 
hours until the completion of reaction, as monitored by TLC.  The reaction was quenched 
with triethylamine (0.1 mL) and was directly purified by flash column chromatography 
with 50:50 hexanes : CH2Cl2 to afford product 3.27d (45 mg, 67%) as colorless oil. 
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1H NMR (500 MHz): δ = 2.79 (dd, J = 17.6, 1.8 Hz, 1H), 2.73 – 2.67 (m, 1H), 
2.60 (dd, J = 17.6, 10.9 Hz, 1H), 1.94 (dtd, J = 22.4, 16.5, 6.3 Hz, 2H), 1.80 – 1.72 (m, 
1H), 1.58 (s, 3H), 1.53 – 1.44 (m, 2H), 1.31 – 1.21 (m, 1H), 1.12 (s, 9H), 0.93 (s, 9H), 
0.10 (s, 3H), 0.08 (s, 3H).  13C NMR (125 MHz): δ = 215.30, 144.79, 113.49, 44.10, 
39.36, 34.34, 30.67, 28.92, 26.34, 25.91, 19.71, 18.27, 17.06, 1.02, -3.86, -4.35.  FT-IR: f 
(cm-1) = 2954, 2928, 2858, 1705, 1681, 1473, 1391, 1362, 1254, 1165, 1124, 1099, 1061, 
1004, 916, 826, 813, 776, 672.  HR-MS: (M+H)+ =325.2557 calculated for C19H37O2Si; 
experimental = 325.2558. 
 
2'-((tert-butyldimethylsilyl)oxy)-3'-methyl-[1,1'-bi(cyclohexan)]-2'-en-2-one (3.27e) 
 
Starting material 3.24 (100 mg, 0.412 mmol) was dissolved in dry CH2Cl2 (2.0 
mL), and 4Å molecular sieves (500 mg) were added.  After cooling the reaction mixture 
to -78°C, silylenol ether 3.25e (160 µL, 0.824 mmol) was added, followed by 
camphorsulfonic acid (9.6 mg, 0.041 mmol).  The solution was stirred at -78°C for 27 
hours until the completion of reaction, as monitored by TLC.  The reaction was quenched 
with triethylamine (0.1 mL) and was directly purified by flash column chromatography 
with 50:50 hexanes : CH2Cl2 to afford product 3.27e as an inseparable 3:2 mixture of 
diastereomers (60 mg, 45%) as colorless oil. 
1H NMR (500 MHz): δ = 2.93 – 2.81 (m, 0.8H), 2.57 – 2.48 (m, 2.2H), 2.38 – 
2.23 (m, 1.8H), 2.10 – 1.84 (m, 9.6H), 1.68 – 1.58 (m, 6H), 1.56 (s, 2H), 1.54 (s, 3H), 
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0.93 (s, 4H), 0.92 (s, 9H), 0.10 (s, 3H), 0.08 (s, 1.2H), 0.07 (s, 3H), 0.02 (s, 1.2H).  13C 
NMR (125 MHz, * denotes the minor diastereomer): δ = 212.54*, 212.23, 144.36, 
143.08*, 114.89*, 113.26, 54.02, 50.81*, 42.89, 42.22*, 37.60*, 37.49, 32.85, 30.75*, 
30.33, 28.38, 27.82, 27.07*, 26.84*, 26.02, 25.94*, 25.91, 25.42*, 24.97*, 22.00*, 19.30, 
18.28, 18.26, 17.31*, 17.10, 2.73*, -3.27, -4.04*, -4.15, -4.39*.  FT-IR: f (cm-1) = 2928, 
2857, 1709, 1678, 1448, 1360, 1252, 1160, 1129, 1050, 1007, 916, 832, 775, 733, 670.    
HR-MS: (M+H)+ = 323.2401 calculated for C19H35O2Si; experimental = 323.2412. 
 
2-(2-((tert-butyldimethylsilyl)oxy)-3-methylcyclohex-2-en-1-yl)-3,4-
dihydronaphthalen-1(2H)-one (3.27f) 
 
Starting material 3.24 (50 mg, 0.206 mmol) was dissolved in dry CH2Cl2 (1.0 mL), 
and 4Å molecular sieves (250 mg) were added.  After cooling the reaction mixture to -
78°C, silylenol ether 3.25f (90 mg, 0.412 mmol) was added, followed by camphorsulfonic 
acid (4.9 mg, 0.021 mmol).  The solution was stirred at -78°C for 23 hours until the 
completion of reaction, as monitored by TLC.  The reaction was quenched with 
triethylamine (0.1 mL) and was directly purified by flash column chromatography with 
50:50 hexanes : CH2Cl2 to afford product 3.27f as an inseparable 2:1 mixture of 
diastereomers (48 mg, 63%) as colorless oil. 
1H NMR (500 MHz): δ = 8.05 (d, J = 7.8 Hz, 0.5H), 8.00 (d, J = 7.2 Hz, 1H), 7.48 
– 7.40 (m, 1.5H), 7.29 (dd, J = 14.3, 7.4 Hz, 1.5H), 7.22 (t, J = 8.7 Hz, 1.5H), 3.28 – 3.19 
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(m, 0.5H), 3.06 (ddd, J = 13.5, 4.5, 3.3 Hz, 0.5H), 3.02 – 2.94 (m, 3H), 2.89 – 2.85 (m, 
1H), 2.64 – 2.54 (m, 1.5H), 2.17 – 1.95 (m, 6.5H), 1.91 – 1.80 (m, 3.5H), 1.61 (s, 1.5H), 
1.59 (s, 3H),	1.57 – 1.45 (m, 5.5H), 1.33 – 1.18 (m, 3H), 0.94 (s, 4.5H), 0.84 (s, 9H), 0.12 
(s, 1.5H), 0.09 (s, 4.5H), 0.06 (s, 3H).  13C NMR (125 MHz, * denotes the minor 
diastereomer): δ = 199.76, 199.09, 144.53*, 144.19, 144.00, 143.16*, 133.23*, 132.99, 
132.76, 128.65*, 128.47, 127.51, 127.27*, 126.43*, 126.33, 115.29*, 113.84, 51.2 , 
49.30*, 38.92, 38.58*, 30.87*, 30.62, 29.09, 27.27*, 26.02, 25.93*, 24.81, 23.97*, 
22.04*, 20.27, 18.24*, 17.31, -3.33, -3.82*, -4.01, -4.41*.		FT-IR: f (cm-1) = 2928, 2857, 
1682, 1599, 1454, 1359, 1285, 1257, 1220, 1161, 1091, 1019, 920, 831, 797, 777, 744, 
704, 669.  HR-MS: (M+H)+ = 393.2220 calculated for C23H34NaO2Si; experimental = 
393.2219. 
 
2-((tert-butyldimethylsilyl)oxy)-1-octylcyclopent-2-en-1-ol (3.28b) 
	
2-((tert-butyldimethylsilyl)oxy)cyclopent-2-en-1-one (150 mg, 0.708 mmol) was 
dissolved in CH2Cl2 (3.5 mL).  After cooling to 0°C, octyl magnesium bromide (0.70 mL, 
2M in Et2O, 1.42 mmol) was added drop wise.  The reaction mixture was then stirred at 
room temperature for 1 hour until the completion of reaction, as monitored by TLC.  
After cooling to 0°C, the reaction mixture was then quenched with water (15 mL).  The 
resulting solid precipitate was filtered through a pad of celite, and the aqueous layer was 
extracted with CH2Cl2 (3 x 20 mL).  The combined organic layers were then washed with 
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brine, dried over Na2SO4, and concentrated under vacuum.  The crude product was 
further purified by flash column chromatography (buffered with Et3N) with 95:5 hexanes : 
EtOAc to afford product 3.28b (118 mg, 51% yield) as colorless oil.   
1H NMR (500 MHz): δ = 4.64 (t, J = 2.4 Hz, 1H), 2.25 (ddt, J = 14.7, 8.7, 3.0 Hz, 
1H), 2.12 – 2.04 (m, 1H), 2.04 – 1.96 (m, 1H), 1.84 (ddd, J = 13.8, 9.0, 4.9 Hz, 1H), 1.77 
(s, 1H), 1.67 – 1.55 (m, 1H), 1.54 – 1.45 (m, 1H), 1.26 (s, 14H), 0.93 (s, 9H), 0.87 (t, J = 
6.9 Hz, 3H), 0.19 (s, 3H), 0.17 (s, 3H).  13C NMR (125 MHz): δ = 155.87, 101.76, 82.51, 
38.64, 34.27, 31.85, 30.12, 29.57, 29.24, 25.63, 24.55, 24.17, 22.64, 18.04, 14.07, -4.86, -
5.03.  FT-IR: f (cm-1) = 3448, 2927, 2856, 1648, 1464, 1361, 1252, 1006, 908, 857, 837, 
780, 732, 677.  HR-MS: (M-OH)+ = 309.2608 calculated for C19H37OSi;  experimental = 
309.2615. 
2-((tert-butyldimethylsilyl)oxy)-1-isobutylcyclopent-2-en-1-ol (3.28c) 
	
2-((tert-butyldimethylsilyl)oxy)cyclopent-2-en-1-one (150 mg, 0.708 mmol) was 
dissolved in CH2Cl2 (3.5 mL).  After cooling to 0°C, isobutyl magnesium bromide (0.70 
mL, 2M in Et2O, 1.42 mmol) was added dropwise.  The reaction mixture was then stirred 
at room temperature for 1 hour until the completion of reaction, as monitored by TLC.  
After cooling to 0°C, the reaction mixture was then quenched with water (15 mL).  The 
resulting solid precipitate was filtered through a pad of celite, and the aqueous layer was 
extracted with CH2Cl2 (3 x 20 mL).  The combined organic layers were then washed with 
brine, dried over Na2SO4, and concentrated under vacuum.  The crude product was 
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further purified by flash column chromatography (buffered with Et3N) with 95:5 hexanes : 
EtOAc to afford product 3.28c (56 mg, 29 % yield) as colorless oil.   
1H NMR (500 MHz): δ = 4.63 (s, 1H), 2.27 (m,1H), 2.17 – 2.02 (m, 2H), 1.88 
(ddd, J = 13.5, 8.9, 3.8 Hz, 1H), 1.74 (dd, J = 12.9, 6.4 Hz, 1H), 1.69 (s, 1H), 1.59 (dd, J 
= 13.9, 5.6 Hz, 1H), 1.42 (dd, J = 13.9, 6.5 Hz, 1H), 1.02 – 0.84 (m, 15H), 0.19 (s, 3H), 
0.17 (s, 3H).  13C NMR (125 MHz): δ = 156.46, 101.56, 82.53, 46.95, 34.76, 25.66, 
24.84, 24.63, 24.61, 24.08, 18.07, -4.92, -4.98.  FT-IR: f (cm-1) = 3473, 2953, 2929, 2858, 
1649, 1470, 1362, 1251, 1129, 1037, 1003, 837, 780, 732, 677.  HR-MS: (M-OH)+ = 
253.1982 calculated for C15H29OSi; experimental = 253.1975. 
 
2-((tert-butyldimethylsilyl)oxy)-1-(4-methoxyphenyl)cyclopent-2-en-1-ol (3.28e) 
	
2-((tert-butyldimethylsilyl)oxy)cyclopent-2-en-1-one (200 mg, 0.943 mmol) was 
dissolved in CH2Cl2 (4.7 mL).  After cooling to 0°C, 4-methoxyphenyl magnesium 
bromide (3.8 mL, 0.5M in THF, 1.87 mmol) was added drop wise.  The reaction mixture 
was then stirred at room temperature for 1 hour until the completion of reaction, as 
monitored by TLC.  After cooling to 0°C, the reaction mixture was then quenched with 
water (15 mL).  The resulting solid precipitate was filtered through a pad of celite, and 
the aqueous layer was extracted with CH2Cl2 (3 x 20 mL).  The combined organic layers 
were then washed with brine, dried over Na2SO4, and concentrated under vacuum.  The 
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crude product was further purified by flash column chromatography (buffered with Et3N) 
with 95:5 hexanes : EtOAc to afford product 3.28e (113 mg, 37% yield) as colorless oil.   
1H NMR (500 MHz): δ = 7.34 (d, J = 8.8 Hz, 2H), 6.85 (d, J = 8.8 Hz, 2H), 4.87 
(t, J = 2.2 Hz, 1H), 3.80 (s, 3H), 2.43 – 2.30 (m, 2H), 2.32 – 2.05 (m, 3H), 0.80 (s, 9H), 
0.17 (s, 3H), 0.06 (s, 3H).  13C NMR (125 MHz): δ = 158.41, 155.82, 137.96, 126.28, 
113.31, 103.09, 83.76, 55.22, 39.65, 25.50, 24.72, 17.96, -4.81, -5.20.  FT-IR: f (cm-1) = 
3470, 2930, 2856, 1648, 1610, 1463, 1243, 1175, 1055, 1037, 1004, 912, 831, 779, 732, 
677, 568.  HR-MS: (M-H2O)+ = 303.1775 calculated for C18H27O2Si; experimental = 
303.1776. 
 
1-(3,5-bis(trifluoromethyl)phenyl)-2-((tert-butyldimethylsilyl)oxycyclopent-2-en-1-ol 
(3.28f) 
	
2-((tert-butyldimethylsilyl)oxy)cyclopent-2-en-1-one (200 mg, 0.943 mmol) was 
dissolved in CH2Cl2 (4.7 mL).  After cooling to 0°C, 3,5-bis-(trifluoromethyl)phenyl 
magnesium bromide (3.8 mL, 0.5M in THF, 1.87 mmol) was added drop wise.  The 
reaction mixture was then stirred at room temperature for 1 hour until the completion of 
reaction, as monitored by TLC.  After cooling to 0°C, the reaction mixture was then 
quenched with water (15 mL).  The resulting solid precipitate was filtered through a pad 
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of celite, and the aqueous layer was extracted with CH2Cl2 (3 x 20 mL).  The combined 
organic layers were then washed with brine, dried over Na2SO4, and concentrated under 
vacuum.  The crude product was further purified by flash column chromatography 
(buffered with Et3N) with 95:5 hexanes : EtOAc to afford product 3.28f (194 mg, 48 % 
yield) as colorless oil.	
1H NMR (500 MHz): δ = 8.13 – 7.83 (m, 2H), 7.75 (s, 1H), 4.99 (t, J = 2.2 Hz, 
1H), 2.60 – 2.40 (m, 2H), 2.34 (ddd, J = 11.4, 10.2, 5.1 Hz, 2H), 2.30 – 2.03 (m, 1H), 
0.75 (s, 9H), 0.18 (s, 3H), 0.06 (s, 3H).  13C NMR (125 MHz): δ = 154.48, 148.69, 131.35 
(q, J = 33.1 Hz), 125.78 (d, J = 4.0 Hz), 123.50 (q, J = 272.7 Hz), 120.76 (p, J = 3.8 Hz), 
104.59, 84.02, 39.55, 25.24, 24.90, 17.83, -4.87, -5.61.  FT-IR: f (cm-1) = 3447, 2933, 
2861, 1650, 1468, 1374, 1275, 1171, 1128, 1058, 897, 839, 781, 735, 707, 680.		HR-MS: 
(M-H2O)+ = 409.1417 calculated for C19H23F6OSi;  experimental = 409.1407.	
 
2-(3-allyl-2-((tert-butyldimethylsilyl)oxy)cyclopent-2-en-1-yl)-1-phenylethan-1-one 
(3.30a) 
 
Starting material 3.28a (50 mg, 0.197 mmol) was dissolved in dry CH2Cl2 (1.0 
mL), and 4Å molecular sieves (250 mg) were added.  After cooling the reaction mixture 
to -78°C, silylenol ether 3.9 (80 µL, 0.393 mmol) was added, followed by 
camphorsulfonic acid (4.6 mg, 0.020 mmol).  The solution was stirred at -78°C for 47 
hours until the completion of reaction, as monitored by TLC.  The reaction was quenched 
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with triethylamine (0.1 mL) and was directly purified by flash column chromatography 
with 50:50 hexanes : CH2Cl2 to afford product 3.30a (33 mg, 47%) as colorless oil. 
1H NMR (500 MHz): δ = 7.97 (d, J = 7.0 Hz, 2H), 7.55 (t, J = 7.4 Hz, 1H), 7.46 
(t, J = 7.7 Hz, 2H), 5.74 (ddt, J = 16.8, 10.0, 6.6 Hz, 1H), 5.06 – 4.96 (m, 2H), 3.27 (dd, J 
= 17.0, 2.8 Hz, 1H), 3.17 – 3.06 (m, 1H), 2.94 (dd, J = 16.9, 10.6 Hz, 1H), 2.80 (qd, J = 
15.0, 6.6 Hz, 2H), 2.24 – 2.06 (m, 3H), 1.53 – 1.40 (m, 1H), 0.95 (s, 9H), 0.14 (s, 3H), 
0.12 (s, 3H).  13C NMR (125 MHz): δ = 199.87, 148.53, 137.26, 136.03, 128.51, 128.05, 
115.82, 115.17, 42.16, 41.43, 31.30, 29.21, 26.91, 25.72, 18.09, -3.99, -4.32.  FT-IR: f 
(cm-1) = 3076, 2954, 2929, 2893, 2856, 1682, 1638, 1597, 1462, 1360, 1335, 1287, 1250, 
1210, 1046, 995, 895, 853, 836, 778, 751, 689, 575.  HR-MS: (M+H)+ = 357.2244 
calculated for C22H32O2Si;  experimental = 357.2230. 
 
2-(3-octyl-2-((tert-butyldimethylsilyl)oxy)cyclopent-2-en-1-yl)-1-phenylethan-1-one 
(3.30b) 
 
Starting material 3.28b (50 mg, 0.153 mmol) was dissolved in dry CH2Cl2 (0.80 
mL), and 4Å molecular sieves (250 mg) were added.  After cooling the reaction mixture 
to -78°C, silylenol ether 3.9 (63 µL, 0.306 mmol) was added, followed by 
camphorsulfonic acid (3.5 mg, 0.015 mmol).  The solution was stirred at -78°C for 49 
hours until the completion of reaction, as monitored by TLC.  The reaction was quenched 
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with triethylamine (0.1 mL) and was directly purified by flash column chromatography 
with 50:50 hexanes : CH2Cl2 to afford product 3.30b (45 mg, 68%) as colorless oil. 
1H NMR (400 MHz): δ = 7.97 (d, J = 7.6 Hz, 2H), 7.55 (t, J = 7.2 Hz, 1H), 7.45 
(t, J = 7.5 Hz, 2H), 3.27 (dd, J = 16.8, 2.8 Hz, 1H), 3.14 – 3.03 (m, 1H), 2.90 (dd, J = 
16.8, 10.6 Hz, 1H), 2.27 – 2.08 (m, 3H), 2.02 (q, J = 7.2 Hz, 2H), 1.46 (tt, J = 8.2, 4.2 
Hz, 1H), 1.28 (bs, 14H), 0.95 (s, 9H), 0.89 (t, J = 5.2 Hz, 3H), 0.13 (s, 3H), 0.11 (s, 3H).  
13C NMR (100 MHz): δ = 200.04, 147.65, 137.37, 132.84, 128.48, 128.06, 118.42, 42.28, 
41.55, 31.89, 29.76, 29.48, 29.30, 29.23, 27.68, 26.95, 26.63, 25.75, 22.67, 18.11, 14.09, 
-3.98, -4.34.  FT-IR: f (cm-1) = 2954, 2927, 2855, 1680, 1589, 1580, 1462, 1448, 1252, 
1209, 1180, 906, 856, 837, 779, 729, 688, 648, 582.  HR-MS: (M+H)+ = 429.3183 
calculated for C27H45O2Si; experimental = 429.3190. 
 
2-(2-((tert-butyldimethylsilyl)oxy)-3-isobutylcyclopent-2-en-1-yl)-1-phenylethan-1-
one (3.30c) 
 
Starting material 3.28c (56 mg, 0.207 mmol) was dissolved in dry CH2Cl2 (1.0 
mL), and 4Å molecular sieves (280 mg) were added.  After cooling the reaction mixture 
to -78°C, silylenol ether 3.9 (85 µL, 0.414 mmol) was added, followed by 
camphorsulfonic acid (4.8 mg, 0.021 mmol).  The solution was stirred at -78°C for 18 
hours until the completion of reaction, as monitored by TLC.  The reaction was quenched 
3.28c
Ph
OTMS
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+
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OTBS
Ph
O3.30c
Me
Me
HO
Me Me
 161 
with triethylamine (0.1 mL) and was directly purified by flash column chromatography 
with 50:50 hexanes : CH2Cl2 to afford product 3.30c (45 mg, 59%) as colorless oil. 
1H NMR (400 MHz): δ = 7.98 (d, J = 8.0 Hz, 2H), 7.55 (t, J = 7.5 Hz, 1H), 7.46 
(t, J = 7.6 Hz, 2H), 3.27 (dd, J = 16.9, 2.6 Hz, 1H), 3.15 – 3.01 (m, 1H), 2.90 (dd, J = 
16.9, 10.6 Hz, 1H), 2.31 – 2.05 (m, 3H), 1.95 (dd, J = 13.6, 8.3 Hz, 1H), 1.89 – 1.79 (m, 
1H), 1.71 (dp, J = 13.9, 6.7 Hz, 1H), 0.94 (s, 9H), 0.88 (d, J = 10.4 Hz, 3H), 0.86 (d, J = 
10.2 Hz, 3H), 0.12 (s, 3H), 0.11 (s, 3H).	 	 13C NMR (100 MHz): δ = 200.07, 148.80, 
137.29, 132.89, 128.50, 128.07, 117.45, 42.20, 41.48, 35.89, 29.60, 26.96, 26.70, 25.78, 
23.05, 22.41, 18.10, -3.82, -4.28.		FT-IR: f (cm-1) = 2953, 2929, 2893, 2858, 1680, 1462, 
1347, 1251, 1195, 1103, 1044, 1021, 1002, 907, 854, 836, 778, 752, 731, 688.  HR-MS: 
(M+H)+ = 373.2557 calculated for C23H37O2Si; experimental = 373.2548. 
 
2-(2-((tert-butyldimethylsilyl)oxy)-3-phenylcyclopent-2-en-1-yl)-1-phenylethan-1-
one (3.30d) 
 
Starting material 3.28d (50 mg, 0.172 mmol) was dissolved in dry CH2Cl2 (0.90 
mL), and 4Å molecular sieves (250 mg) were added.  After cooling the reaction mixture 
to -78°C, silylenol ether 3.9 (71 µL, 0.344 mmol) was added, followed by 
camphorsulfonic acid (4.0 mg, 0.017 mmol).  The solution was stirred at -78°C for 10 
hours until the completion of reaction, as monitored by TLC.  The reaction was quenched 
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with triethylamine (0.1 mL) and was directly purified by flash column chromatography 
with 50:50 hexanes : CH2Cl2 to afford product 3.30d (56 mg, 83%) as colorless oil. 
1H NMR (500 MHz): δ = 8.01 (dd, J = 8.4, 1.4 Hz, 2H), 7.61 – 7.54 (m, 3H), 7.48 
(t, J = 7.7 Hz, 2H), 7.31 (t, J = 7.7 Hz, 2H), 7.16 (t, J = 7.3 Hz, 1H), 3.38 (dd, J = 17.4, 
2.5 Hz, 2H), 3.17 – 3.04 (m, 1H), 2.79 (dddd, J = 14.2, 9.3, 4.9, 1.2 Hz, 1H), 2.56 (dddd, 
J = 14.5, 8.8, 5.7, 2.0 Hz, 1H), 2.39 – 2.24 (m, 1H), 1.58 (ddt, J = 13.3, 9.0, 4.6 Hz, 1H), 
0.96 (s, 9H), 0.13 (s, 3H), -0.01 (s, 3H).  13C NMR (125 MHz): δ = 199.45, 151.54, 
137.33, 136.43, 132.98, 128.57, 128.06, 127.79, 127.04, 125.72, 116.05, 42.88, 42.28, 
29.80, 26.85, 25.84, 18.19, -3.74, -4.14.  FT-IR: f (cm-1) = 3056, 2929, 2856, 1684, 1637, 
1598, 1469, 1350, 1280, 1255, 1099, 1064, 1002, 968, 937, 909, 835, 779, 752, 689.  HR-
MS: (M+H)+ = 393.2244 calculated for C25H33O2Si;  experimental = 393.2259. 
 
2-(2-((tert-butyldimethylsilyl)oxy)-3-(4-methoxyphenyl)cyclopent-2-en-1-yl)-1-
phenylethan-1-one (3.30e) 
 
Starting material 3.28e (50 mg, 0.156 mmol) was dissolved in dry CH2Cl2 (0.80 
mL), and 4Å molecular sieves (250 mg) were added.  After cooling the reaction mixture 
to -78°C, silylenol ether 3.9 (64 µL, 0.312 mmol) was added, followed by 
camphorsulfonic acid (3.6 mg, 0.016 mmol).  The solution was stirred at -78°C for 10 
hours until the completion of reaction, as monitored by TLC.  The reaction was quenched 
with triethylamine (0.1 mL) and was directly purified by flash column chromatography 
with 50:50 hexanes : CH2Cl2 to afford product 3.30e (52 mg, 79%) as colorless oil. 
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1H NMR (500 MHz): δ = 8.00 (d, J = 7.2 Hz, 2H), 7.57 (t, J = 6.9 Hz, 1H), 7.51 
(d, J = 7.3 Hz, 2H), 7.47 (t, J = 7.2 Hz, 2H), 6.85 (d, J = 9.0 Hz, 2H), 3.81 (s, 3H), 3.36 – 
3.28 (m, 2H), 3.07 (ddd, J = 16.9, 10.7, 1.9 Hz, 1H), 2.73 (ddd, J = 14.1, 9.2, 4.5 Hz, 
1H), 2.61 (s, 1H), 2.58 – 2.46 (m, 1H), 2.36 – 2.20 (m, 1H), 1.58 – 1.49 (m, 1H), 0.94 (s, 
9H), 0.11 (s, 3H), -0.01 (s, 3H).  13C NMR (125 MHz): δ = 199.63, 157.54, 149.92, 
137.25, 129.17, 128.56, 128.29, 128.11, 128.06, 115.47, 113.20, 55.20, 42.72, 42.32, 
29.84, 26.72, 25.86, 18.20, -3.72, -4.10.  FT-IR: f (cm-1) = 2953, 2929, 2855, 1685, 1640, 
1607, 1511, 1462, 1447, 1358, 1342, 1288, 1246, 1211, 1177, 1089, 1035, 834, 779, 752, 
689.  HR-MS: (M+H)+ = 423.2350 calculated for C26H35O3Si;  experimental = 423.2360. 
 
(2R,5R)-2-(2-oxo-2-phenylethyl)-5-phenylcyclopentan-1-one (3.35) 
 
Compound 3.30d (50 mg, 0.127 mmol) was dissolved in dioxane (2.0 mL), TsOH•H2O 
(48 mg, 0.254 mmol) was added, and the reaction mixture was stirred for 1 hour until the 
completion of reaction, as monitored by TLC. The reaction mixture was neutralized with 
aqueous sodium bicarbonate (10 mL) and extracted with EtOAc (3 x 10 mL).  The 
combined organic layers were then washed with brine, dried over Na2SO4, and 
concentrated under vacuum. The crude residue was further purified by flash column 
chromatography with 80:20 hexanes : EtOAc to afford product 3.35 as an 4:1 mixture of 
inseparable diastereomers (29 mg, 82% yield) as a white solid.  The trans relative 
stereochemistry in the major product was determined by NOE experiments. 
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1H NMR (500 MHz): δ= 7.91 – 7.84 (m, 2H), 7.51 – 7.44 (m, 1H), 7.40 – 7.35 
(m, 2H), 7.26 – 7.22 (m, 2H), 7.17 – 7.11 (m, 3H), 3.51 (dd, J = 18.1, 3.2 Hz, 1H), 3.45 
(dd, J = 12.3, 8.5 Hz, 1H), 3.10 (dd, J = 18.1, 7.7 Hz, 1H), 2.74 – 2.64 (m, 1H), 2.49 – 
2.41 (m, 1H), 2.37 – 2.31 (m, 1H), 2.00 (qd, J = 12.5, 6.3 Hz, 1H), 1.62 (qd, J = 12.3, 6.2 
Hz, 1H).  13C NMR (125 MHz, *denotes minor diastereomer): δ= 218.50*, 218.06, 
208.50*, 197.79, 157.54*, 138.87, 136.54, 133.33*, 133.28 , 133.26*, 131.63*, 128.13 , 
128.08*, 128.04 , 127.01*, 126.84 , 126.82*, 54.89, 53.73*, 45.82, 43.63, 42.47*, 40.13*, 
39.64, 38.90, 34.00*, 30.11, 28.92*, 27.54, 27.48*.  FT-IR: f (cm-1) = 3059, 3027, 2961, 
2873, 173, 1680, 1596, 1580, 1495, 1448, 1401, 1361, 1322, 1259, 1222, 1181, 1152, 
1099, 1075, 998, 801, 752, 689.  HR-MS (M + H)+ = 279.1380 calculated for C19H19O2;  
experimental = 279.1377. 
 
 
5-(2-oxo-2-phenylethyl)-2-phenylcyclopent-2-en-1-one (3.36) 
 
In a round bottom flask, a solution of N-bromosuccinimide (51 mg, 0.287 mmol) 
in dry THF (1.9 mL) was added dropwise into a solution of 3.30d (75 mg, 0.191 mmol) 
in dry THF (1.9 mL) at 0°C. The reaction mixture was stirred at 0°C for 7 hours and then 
room temperature for 12 hours. The reaction was then quenched with a saturated solution 
of sodium thiosulfate (5 mL) and a saturated aqueous solution of sodium bicarbonate (5 
mL). The reaction mixture was then partitioned between EtOAc and H2O (50 mL, 1:1). 
The aqueous layer extracted with EtOAc (3 x 20mL). The combined organic layers were 
then washed with brine, dried over Na2SO4, and concentrated under vacuum. The crude 
Ph
OTBS
Ph
O3.30d
THF, 0°C→rt
O
Ph
O3.36
NBS Ph
 165 
product was further purified by flash column chromatography with 90 : 10 hexanes : 
ethyl acetate to afford 3.36 as yellow oil (42 mg, 80 %). 
1H NMR (500 MHz): δ= 7.99 (dd, J = 8.4, 1.5 Hz, 2H), 7.84 (t, J = 2.8 Hz, 1H), 
7.77 – 7.72 (m, 2H), 7.60 – 7.56 (m, 1H), 7.48 (t, J = 7.8 Hz, 2H), 7.43 – 7.37 (m, 2H), 
7.37 – 7.32 (m, 1H), 3.72 (dd, J = 17.1, 2.3 Hz, 1H), 3.22 – 3.05 (m, 3H), 2.43 (dt, J = 
19.1, 2.3 Hz, 1H).  13C NMR (125 MHz): δ= 208.48, 198.03, 157.53, 142.58, 136.44, 
133.33, 131.63, 128.66, 128.42, 128.40, 128.06, 127.01, 77.20, 42.47, 40.12, 34.00.  FT-
IR: f (cm-1) = 3057, 2962, 2920, 1680, 1618, 1596, 1579, 1492, 1447, 1404, 1360, 1303, 
1222, 1180, 1074, 1022, 979, 916, 873, 803, 753, 689, 616, 578.  HR-MS (M + H)+ = 
277.1223 calculated for C19H17O2;  experimental = 277.1223 
 
 
tert-butyldimethylsilyl 5-oxo-2-(2-oxo-2-phenylethyl)-5-phenylpentanoate (3.37) 
	
Compound 3.30d (75 mg, 0.191 mmol) was dissolved in a mixture of 
H2O:CCl4:MeCN (3:2:2, 4.2 mL). NaIO4 (163 mg, 0.764 mmol) was then added, 
followed by RuCl3 (2.0 mg, 0.0096 mmol). The reaction mixture was stirred at room 
temperature for 4 hours until the completion of reaction, as monitored by TLC. The 
reaction mixture was quenched with saturated aqueous sodium thiosulfate (5mL), stirred 
for 15 min, and then extracted with dichloromethane (3 x 5 mL). The combined organic 
layers were then washed with brine, dried over Na2SO4, and concentrated under vacuum.  
The crude residue was further purified by flash column chromatography with 90:10 
hexanes : EtOAc to afford product 3.37 (66 mg, 81% yield) as a clear oil. 
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1H NMR (500 MHz): δ= 8.08 – 7.85 (m, 4H), 7.65 – 7.52 (m, 2H), 7.46 (t, J = 7.7 
Hz, 4H), 3.55 – 3.45 (m, 1H), 3.19 – 3.07 (m, 4H), 2.17 – 2.07 (m, 2H), 0.88 (s, 9H), 0.27 
(s, 3H), 0.25 (s, 3H).	 	13C NMR (125 MHz): δ= 199.12, 197.75, 175.09, 136.71, 136.63, 
133.15, 133.10, 128.59, 128.57, 127.98, 41.26, 40.86, 36.20, 26.21, 25.49, 17.56, -4.90, -
4.92.  FT-IR: f (cm-1) = 3062, 2954, 2930, 2858, 1712, 1683, 1597, 1580, 1467, 1448, 
1364, 1255, 1214, 1176, 1096, 1002, 971, 938, 912, 82, 841, 823, 790, 752, 731, 688, 
602.  HR-MS (M + H)+ = 425.2143 calculated for C25H33O4Si;  experimental = 425.2147. 
 
(1R,1'S,3R)-2'-((tert-butyldimethylsilyl)oxy)-3-hydroxy-1,3'-dimethyl-[1,1'-
bi(cyclopentan)]-2'-en-2-one (3.21) 
 
Starting material 3.21 (100 mg, 0.438 mmol), and MeCN (91 µL, 1.75 mmol) 
were dissolved in dry CH2Cl2 (2.2 mL).  After cooling the reaction mixture to -78°C 
deionized water (16 µL, 0.876 mmol) and camphorsulfonic acid (20 mg, 0.088 mmol) 
were added.  The solution was stirred at -78°C for 22 hours until the completion of 
reaction, as monitored by TLC.  The reaction was quenched with triethylamine (0.1 mL) 
and was directly purified by flash column chromatography with 50:50 hexanes : CH2Cl2 
to afford product 3.38 (40 mg, 57%) as white solid. 
1H NMR (500 MHz): δ = 4.04 (ddd, J = 10.6, 8.0, 4.1 Hz, 1H), 2.70 (d, J = 9.7 
Hz, 1H), 2.61 (d, J = 4.7 Hz, 1H), 2.27 – 2.09 (m, 3H), 2.06 (ddd, J = 13.5, 7.5, 2.4 Hz, 
1H), 2.03 – 1.91 (m, 1H), 1.75 (ddt, J = 13.7, 8.8, 2.3 Hz, 1H), 1.67 (dtd, J = 12.2, 11.1, 
Me OH
CH2Cl2 (0.2 M), -78°C
3.21
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OHMe
H Me
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7.5 Hz, 1H), 1.57 (bs, 2H), 1.54 (s, 3H), 1.37 (ddd, J = 13.5, 11.4, 6.8 Hz, 1H), 1.05 (s, 
3H), 0.94 (s, 9H), 0.14 (s, 3H), 0.06 (s, 3H).	 	13C NMR (125 MHz): δ = 220.61, 146.77, 
117.23, 74.90, 51.96, 48.84, 33.02, 28.90, 27.71, 26.00, 24.58, 22.13, 18.19, 12.94, -3.62, 
-4.37.	 	FT-IR: f (cm-1) = 3468, 2955, 2927, 2855, 1742, 1681, 1462, 1379, 1362, 1336, 
1298, 1275, 1251, 1205, 1135, 1115, 1086, 1045, 1023, 1005, 974, 926, 881, 855, 836, 
803, 778, 734, 677.	 	 HR-MS: (M+Na)+ = 347.2013 calculated for C18H32NaO3Si; 
experimental = 347.2019 
 
 
1,4-dimethyl-1,2,3,10-tetrahydrocyclopenta[a]carbazole (4.35a) 
 
Alcohol 4.30 (50 mg, 0.186 mmol) was dissolved in CH2Cl2 (0.37 mL). Indole 
(22 mg, 0.186 mmol) was then added, followed by camphorsulfonic acid (20 mg, 0.093 
mmol). The reaction was allowed to stir at room temperature for 5 hours.  The mixture 
was then directly purified using 100% hexanes à 10% Et2O in hexanes to give 
compound 4.35a in 94% yield (44 mg, 0.175 mmol) as a white solid.  
1H NMR (500 MHz): δ = 8.01 (d, J = 7.8 Hz, 1H), 7.85 (bs, 1H), 7.71 (s, 1H) 
7.42 (d, J = 7.9 Hz, 1H), 7.36 (ddd, J = 8.1, 7.0, 1.2 Hz, 1H), 7.21-7.17 (m, 1H), 3.62 
(ddd, J = 20.4, 6.9, 6.9 Hz, 1H), 3.09-3.03 (m, 1H), 2.95-2.89 (m, 1H), 2.50-2.44 (m, 
1H), 2.42 (s, 3H), 1.87-1.81 (m, 1H), 1.45 (d, J = 7.0 Hz, 3H). 13C NMR (125 MHz): δ = 
141.18, 139.61, 134.57, 125.37, 124.98, 123.75, 122.57, 119.93, 118.54, 110.52, 38.14, 
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34.01, 30.67, 20.06, 19.35. IR: f (cm-1) = 3422, 2925, 2859, 1696, 1613, 1490, 1456, 
1437, 1377, 1326, 1305, 1245, 1220, 1171, 1140, 1090, 1017, 907, 861, 802, 733, 646, 
591, 568, 537, 439. HRMS: (M + H)+ = 236.1434 calculated for C17H18N; 236.1437 
experimental. 
 
X-ray structure: 
 
 
 
 
 
(-)-1,4-dimethyl-1,2,3,10-tetrahydrocyclopenta[a]carbazole ((-)-4.35a) 
 
Alcohol 4.30 (50 mg, 0.186 mmol) was dissolved in CH2Cl2 (0.37 mL). Indole 
(22 mg, 0.186 mmol) was then added, followed by (R)-TRIP (70 mg, 0.093 mmol). The 
reaction was allowed to stir at room temperature for 72 hours.  The mixture was then 
directly purified using 100% hexanes à 10% Et2O in hexanes to give compound (-)-
4.35a in 72% yield (31 mg, 0.133 mmol, 84:16 er) as a viscous yellow oil.  HPLC 
samples run at a concentration of 1 mg/mL through a Daicel Chiralcel OD-H column 
using 12% 2-propanol in hexanes at a flow rate of 1 mL/min for 35 minutes.   
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1H NMR (500 MHz): δ = 8.02 (d, J = 7.8 Hz, 1H), 7.85 (bs, 1H), 7.71 (s, 1H) 
7.43 (d, J = 7.9 Hz, 1H), 7.36 (ddd, J = 8.1, 7.0, 1.2 Hz, 1H), 7.21-7.18 (m, 1H), 3.61 
(ddd, J = 20.4, 6.9, 6.9 Hz, 1H), 3.08-3.03 (m, 1H), 2.96-2.90 (m, 1H), 2.48-2.41 (m, 
1H), 2.41 (s, 3H), 1.88-1.83 (m, 1H), 1.44 (d, J = 7.0 Hz, 3H). 13C NMR (125 MHz): δ = 
141.18, 139.60, 134.57, 129.18, 125.38, 124.98, 123.75, 122.57 , 119.93, 119.14, 118.55, 
110.52, 38.14, 34.01, 30.68, 20.07, 19.36. [a]25D= -15.47 (c = 8.5 in CHCl3).  
			
	
 
 
1,4,7-trimethyl-1,2,3,10-tetrahydrocyclopenta[a]carbazole (4.35b) 
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Alcohol 4.30 (50 mg, 0.186 mmol) was dissolved in CH2Cl2 (0.37 mL). 5-
Methylindole (24 mg, 0.186 mmol) was then added, followed by camphorsulfonic acid 
(20 mg, 0.093 mmol). The reaction was allowed to stir at room temperature for 5 hours.  
The mixture was then directly purified using 100% hexanes à 10% Et2O in hexanes à 
20% Et2O in hexanes à 30% Et2O in hexanes to give compound 4.35b in 97% yield (42 
mg, 0.180 mmol) as a colorless oil.  
1H NMR (500 MHz): δ = 7.81 (s, 1H), 7.75 (bs, 1H), 7.68 (s, 1H), 7.31 (d, J = 8.1 
Hz, 1H), 7.19 (dd, J = 8.3, 1.6 Hz, 1H), 3.61 (ddd, J = 20.3, 7.0, 7.0 Hz, 1H), 3.06 (ddd, J 
= 15.3, 9.0, 6.1 Hz, 1H), 2.92 (ddd, J = 15.2, 9.0, 5.8 Hz, 1H), 2.52 (s, 3H), 2.48-2.44 (m, 
1H), 2.42 (s, 3H), 1.86-1.82 (m, 1H), 1.45 (d, J = 7.0 Hz, 3H). 13C NMR (125 MHz): δ = 
140.96, 137.86, 134.92, 129.13, 128.35, 126.27, 125.10, 123.92, 122.47, 119.92, 118.47, 
110.17, 38.14, 34.01, 30.66, 21.43, 20.04, 19.35. IR: f (cm-1) = 3423, 2951, 2860, 1677, 
1620, 1492, 1447, 1374, 1346, 1295, 1249, 1219, 1186, 1112, 1018, 907, 861, 798, 731, 
649, 595, 438. HRMS: (M + H)+ = 250.1590 calculated for C18H20N; 250.1594 
experimental. 
 
7-methoxy-1,4-dimethyl-1,2,3,10-tetrahydrocyclopenta[a]carbazole (4.35c) 
 
Alcohol 4.30 (50 mg, 0.186 mmol) was dissolved in CH2Cl2 (0.37 mL). 5-
Methoxyindole (36 mg, 0.186 mmol) was then added, followed by camphorsulfonic acid 
(20 mg, 0.093 mmol).  The reaction was allowed to stir at room temperature for 5 hours.  
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The mixture was then directly purified using 100% hexanes à 10% Et2O in hexanes à 
20% Et2O in hexanes à 30% Et2O in hexanes to give compound 4.35c in 60% yield (35 
mg, 0.112 mmol) as a colorless oil.  
1H NMR (500 MHz): δ = 7.71 (bs, 1H), 7.67 (s, 1H), 7.51 (d, J = 2.5 Hz, 1H), 
7.31 (d, J = 8.7 Hz, 1H), 7.01 (dd, J = 8.7, 2.5 Hz), 3.93 (s, 3H), 3.60 (ddd, J = 13.9, 
13.7, 7.1), 3.06 (ddd, J = 15.3, 8.9, 6.2 Hz, 1H), 2.92 (ddd, J = 15.2, 9.0, 5.8 Hz, 1H), 
2.49-2.43 (m, 1H), 2.42 (s, 3H), 1.89-1.81 (m, 1H), 1.44 (d, J = 7.0 Hz). 13C NMR (125 
MHz): δ = 153.71, 141.16, 135.46, 134.55, 129.30, 125.03, 124.24, 122.63, 118.43, 
114.02, 111.18, 102.98, 56.02, 38.13, 33.98, 30.68, 20.00, 19.34. IR: f (cm-1) = 3424, 
2951, 2861, 1698, 1633, 1492, 1459, 1295, 1258, 1213, 1168, 1131, 1107, 1031, 859, 
839, 803, 769. HRMS: (M + H)+ = 266.1539 calculated for C18H20NO; 288.1530 
experimental. 
 
8-chloro-1,4-dimethyl-1,2,3,10-tetrahydrocyclopenta[a]carbazole (4.35d) 
 
Alcohol 4.30 (50 mg, 0.186 mmol) was dissolved in CH2Cl2 (0.37 mL). 6-
Chloroindole (28 mg, 0.186 mmol) was then added, followed by camphorsulfonic acid 
(20 mg, 0.093 mmol). The reaction was allowed to stir at room temperature for 5 hours.  
The mixture was then directly purified using 100% hexanes à 10% Et2O in hexanes à 
20% Et2O in hexanes à 30% Et2O in hexanes to give compound 4.35d in 67% yield 
(34mg, 0.125 mmol) as a colorless oil.  
TBSO
OH
HNCSA (0.5 equiv)
CH2Cl2 (0.5 M), rt
4.30 4.35d
Me Me
Me
HN
+ Cl
Cl
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1H NMR (500 MHz): δ = 7.89 (d, J = 8.3 Hz, 1H), 7.86 (bs, 1H), 7.66 (s, 1H), 
7.39 (d, J = 1.9 Hz, 1H), 7.16 (dd, J = 8.3, 1.9 Hz, 1H), 3.64-3.57 (m, 1H), 3.06 (ddd, J = 
15.3, 9.0, 6.2 Hz, 1H), 2.92 (ddd, J = 15.9, 8.9, 5.7 Hz), 2.50-2.44 (m, 1H), 2.42 (s, 3H), 
1.90-1.82 (m, 1H), 1.44 (d, J = 7.0 Hz, 3H). 13C NMR (125 MHz): δ =141.60, 140.0, 
134.76, 130.46, 129.37, 125.95, 122.36, 121.93, 120.63, 119.67, 118.45, 110.60, 38.06, 
33.94, 30.66, 20.03, 19.33.  IR: f (cm-1) = 3433, 2953, 2862, 1677, 1612, 1482, 1450, 
1432, 1373, 1324, 1304, 1277, 1241, 1221, 1146, 1064, 919, 843, 804. HRMS: (M + H)+ 
= 270.1044 calculated for C17H17CN; 270.1022 experimental. 
 
7-bromo-1,4-dimethyl-1,2,3,10-tetrahydrocyclopenta[a]carbazole (4.35e) 
 
Alcohol 4.30 (50 mg, 0.186 mmol) was dissolved in CH2Cl2 (0.37 mL). 5-
Bromoindole (36 mg, 0.186 mmol) was then added, followed by camphorsulfonic acid 
(20 mg, 0.093 mmol). The reaction was allowed to stir at room temperature for 5 hours.  
The mixture was then directly purified using 100% hexanes à 10% Et2O in hexanes à 
20% Et2O in hexanes à 30% Et2O in hexanes to give compound 4.35e in 84% yield (49 
mg, 0.156 mmol) as a colorless oil. 
1H NMR (500 MHz): δ = 8.11 (d, J = 2.0 Hz, 1H), 7.87 (bs, 1H), 7.65 (s, 1H), 
7.43 (dd, J = 8.5, 2.0 Hz, 1H), 7.29 (d, J = 8.6 Hz, 1H), 3.60 (dt, J = 20.4, 6.9 Hz, 1H), 
3.06 (ddd, J = 15.5, 9.0, 6.4 Hz, 1H), 2.92 (ddd, J = 15.3, 9.0, 6.0 Hz, 1H), 2.50-2.43 (m, 
1H), 2.41 (s, 3H), 1.88-1.81 (m, 1H), 1.44 (d, J = 6.8 Hz, 3H).  13C NMR (125 MHz): δ = 
TBSO
OH
HNCSA (0.5 equiv)
CH2Cl2 (0.5 M), rt
4.30 4.35e
Me Me
Me
Me
HN
+
Br
Br
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142.11, 138.17, 134.99, 129.36, 127.62, 125.95, 125.59, 122.70, 121.62, 118.66, 111.96, 
111.94, 38.12, 33.96, 30.72, 20.04, 19.35. IR: f (cm-1) = 3440, 2953, 2863, 1677, 1628, 
1486, 1456, 1375, 1282, 1242, 1223, 1051, 1015, 861. HRMS: (M + H)+ = 314.0539 
calculated for C17H17Br; 314.0538 experimental. 
 
methyl 1,4-dimethyl-1,2,3,10-tetrahydrocyclopenta[a]carbazole-7-carboxylate 
(4.35f) 
	
Alcohol 4.30 (50 mg, 0.186 mmol) was dissolved in CH2Cl2 (0.37 mL) in a 
pressure vessel. Methyl indole-5-carboxylate (33 mg, 0.186 mmol) was then added, 
followed by camphorsulfonic acid (40 mg, 0.186 mmol). The reaction was warmed in a 
sand bath at 40 ºC and allowed to stir for 7 hours.  The mixture was then directly purified 
using 100% hexanes à 10% Et2O in hexanes à 20% Et2O in hexanes à 30% Et2O in 
hexanes to give compound 4.35f in 99% yield (39.3 mg, 0.134 mmol) as a colorless oil.  
1H NMR (500 MHz): δ = 8.75 (s, 1H), 8.12 (bs, 1H), 8.08 (dd, J = 8.5, 1.6 Hz, 
1H), 7.56 (s, 1H), 7.41 (d, J = 8.5 Hz, 1H), 3.97 (s, 3H), 3.62 (dt, J = 20.5, 6.5 Hz, 1H), 
3.06 (ddd, J = 15.4, 8.9, 6.3 Hz, 1H), 2.93 (ddd, J = 15.3, 9.0, 5.6 Hz, 1H), 2.50-2.44 (m, 
1H), 2.43 (s, 3H), 1.86 (ddt, J = 14.1, 7.8, 4.3 Hz, 1H), 1.45 (d, J = 7.0 Hz, 3H). 13C 
NMR (125 MHz): δ = 168.00, 142.37, 142.10, 134.95, 129.53, 126.72, 126.41, 123.78, 
123.49, 122.52, 122.49, 121.09, 118.86, 110.05, 51.87, 39.10, 33.98, 30.70, 20.11, 19.38. 
TBSO
OH
HNCSA (0.5 equiv)
CH2Cl2 (0.5 M)reflux
4.30 4.35f
Me Me
Me
Me
HN
+
CO2Me
CO2Me
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IR: f (cm-1) = 3336, 2951, 1692, 1613, 1436, 1350, 1267, 1240, 1221, 1196, 1131, 1089, 
759.  HRMS: (M + H)+ = 294.1489 calculated for C19H20NO2; 294.1490 experimental. 
 
1,4-dimethyl-1,2,3,10-tetrahydrocyclopenta[a]carbazole-6-carbonitrile (4.35g) 
	
Alcohol 4.30 (50 mg, 0.186 mmol) was dissolved in CH2Cl2 (0.37 mL) in a 
pressure vessel. 4-Cyanoindole (26 mg, 0.186 mmol) was then added, followed by 
camphorsulfonic acid (40 mg, 0.186 mmol). The reaction was warmed in a sand bath at 
40 ºC and allowed to stir for 7 hours.  The mixture was then directly purified using 100% 
hexanes à 10% Et2O in hexanes à 20% Et2O in hexanes à 30% Et2O in hexanes to 
give compound 4.35g in 51% yield (25 mg, 0.095 mmol) as a colorless oil. 
1H NMR (500 MHz): δ = 8.22 (s, 1H) 8.10 (bs, 1H), 7.64 (dd, J = 8.2, 0.9 Hz, 
1H), 7.51 (dd, J = 7.5, 1.0 Hz, 1H), 7.39 (t, J = 7.8 Hz, 1H), 3.64 (ddd, J = 20.7, 7.0, 7.0 
Hz, 1H), 3.09 (ddd, J = 15.6, 9.0, 6.3 Hz, 1H), 2.95 (ddd, J = 16.1, 9.0, 5.7 Hz, 1H), 2.52-
2.45 (m, 1H), 2.45 (s, 3H), 1.95-1.86 (m, 1H), 1.45 (d, J = 6.9 Hz, 3H). 13C NMR (125 
MHz): δ = 143.58, 139.31, 135.17, 129.30, 126.85, 124.46, 124.43, 120.35, 119.91, 
119.10, 115.01, 103.30, 92.50, 38.14, 33.87, 30.87, 20.06, 19.38.  IR: f (cm-1) = 3320, 
2954, 2927, 2865, 2219, 1702, 1685, 1627, 1498, 1440, 1374, 1320, 1291, 1238, 1162, 
1141, 867, 790, 765, 738. HRMS: (M + H)+ = 261.1386 calculated for C18H17N2; 
261.1381 experimental. 
 
TBSO
OH
HNCSA (0.5 equiv)
CH2Cl2 (0.5 M)reflux
4.30 4.35g
Me Me
Me
Me
HN
+
NCCN
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1,4,10-trimethyl-1,2,3,10-tetrahydrocyclopenta[a]carbazole (4.35h) 
 
Alcohol 4.30 (100 mg, 0.372 mmol) was dissolved in CH2Cl2 (0.74 mL). 1-
Methylindole (46 µL, 0.372 mmol) was then added, followed by camphorsulfonic acid 
(43 mg, 0.186 mmol). The reaction was allowed to stir at room temperature for 16 hours.  
The mixture was then directly purified using 100% hexanes à 10% CH2Cl2 in hexanes 
à 20% CH2Cl2 in hexanes à 30% CH2Cl2 in hexanes to give compound 4.35h in 72% 
yield (67 mg, 0.268 mmol) as a colorless oil.  
1H NMR (500 MHz): d = 8.01 (dd, J = 7.9, 1.3 Hz, 1H), 7.73 (s, 1H), 7.41 (ddd, J 
= 8.4, 7.1, 1.3 Hz, 1H), 7.35 (d, J = 7.9 Hz, 1H), 7.20 – 7.15 (m, 1H), 4.01 (s, 3H), 3.96 
(t, J = 7.4 Hz, 1H), 3.05 (ddd, J = 16.2, 10.6, 7.9 Hz, 2H), 2.97 – 2.87 (m, 1H), 2.42 (s, 
3H), 2.41 – 2.34 (m, 1H), 2.03 – 1.93 (m, 1H), 1.32 (d, J = 7.0 Hz, 3H).  13C NMR (125 
MHz): δ = 141.32, 141.29, 136.00, 129.68, 124.81, 123.29, 122.36, 119.64, 119.62, 
118.78, 118.49, 108.29, 37.95, 33.63, 30.92, 29.36, 21.91, 19.45.  IR: f (cm-1) = 3286, 
2918, 2851, 1599, 1462, 1354, 1316, 1259, 1091, 1014, 794, 732.  HRMS: (M + H)+ = 
250.1590 calculated for C18H20N; 250.1585 experimental. 
7-methoxy-1,4-dimethyl-1,2,3,12-tetrahydrobenzo[a]cyclopenta[i]carbazole (4.35i) 
 
TBSO
OH NCSA (0.5 equiv)
CH2Cl2 (0.5 M), reflux
4.30 4.35h
Me Me
Me
Me
HN
+
Me
Me
TBSO
OH
HNCSA (0.5 equiv)
CH2Cl2 (0.5 M)reflux
4.30 4.35i
Me Me
Me
Me
HN+
OMe
OMe
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Alcohol 4.30 (50 mg, 0.186 mmol) was dissolved in CH2Cl2 (0.37 mL) in a 
pressure vessel. 5-Methoxybenz[g]indole (36 mg, 0.186 mmol) was then added, followed 
by camphorsulfonic acid (20 mg, 0.093 mmol).  The reaction was warmed in a sand bath 
at 40 ºC and allowed to stir for 8 days.  The mixture was then directly purified using 
100% hexanes à 10% Et2O in hexanes à 20% Et2O in hexanes à 30% Et2O in hexanes 
to give compound 4.35i in 48% yield (25 mg, 0.079 mmol) as a colorless oil.  
1H NMR (500 MHz): δ = 8.40 (d, J = 8.4 Hz, 1H), 8.34 (bs, 1H), 8.10 (d, J = 8.2 
Hz, 1H), 7.71 (s, 1H), 7.61 (t, J = 7.4 Hz, 1H), 7.52 (t, J = 7.9 Hz, 1H), 7.43 (s, 1H), 4.12 
(s, 3H), 3.74-3.67 (m, 1H), 3.12-3.06 (m, 1H), 2.99-2.92 (m, 1H), 2.54-2.48 (m, 1H), 
2.46 (s, 3H), 1.92-1.85 (m, 1H), 1.52 (d, J = 7.0 Hz, 3H). 13C NMR (125 MHz): δ = 
149.96, 140.03, 133.94, 129.69, 126.04, 125.61, 124.92, 124.28, 123.85, 123.51, 121.86, 
120.16, 118.07, 117.84, 97.18, 55.95, 38.24, 34.03, 30.67, 20.21, 19.48. IR: f (cm-1) = 
3461, 2951, 2862, 1689, 1628, 1598, 1525, 1470, 1447, 1377, 1336, 1273, 1248, 1211, 
1158, 1117, 1094, 1037, 987, 945, 908, 857, 831. HRMS: (M + H)+ = 316.1696 
calculated for C22H22NO; 316.1692 experimental. 
 
1,5-dimethyl-2,3,4,11-tetrahydro-1H-benzo[a]carbazole (4.36a) 
 
Alcohol 4.34 (50 mg, 0.186 mmol) was dissolved in CH2Cl2 (0.35 mL) in a 
pressure vessel. Indole (21 mg, 0.186 mmol) was then added, followed by 
camphorsulfonic acid (41 mg, 0.186 mmol).  The reaction was warmed in a sand bath at 
HNCSA (1.0 equiv)
CH2Cl2 (0.5 M)reflux
4.36aMe
HN
+
MeTBSO
Me OH Me
4.34
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40 ºC and allowed to stir for 18 hours.  The mixture was then directly purified using 
100% hexanes à 10% Et2O in hexanes à 20% Et2O in hexanes à 30% Et2O in hexanes 
to give compound 4.36a in 71% yield (32 mg, 0.126 mmol) as a white solid. 
1H NMR (500 MHz): δ = 8.02 (d, J = 7.8 Hz, 1H), 7.74 (bs, 1H), 7.44 (d, J = 8.1 
Hz, 1H), 7.37 (ddt, J = 8.2, 7.1, 1.3 Hz, 1H), 7.23-7.19 (m, 1H), 3.34-3.28 (m, 1H), 2.91-
2.86  (m, 1H), 2.71-2.64 (m, 1H), 2.40 (s, 3H), 2.07-1.94 (m, 3H), 1.87-1.83 (m, 1H), 
1.44 (d, J = 7.2 Hz, 3H). 13C NMR (125 MHz): δ = 139.30, 136.90, 132.74, 128.03, 
124.84, 124.25, 123.80, 120.42, 119.87, 119.09, 118.41, 110.45, 29.48, 28.56, 27.37, 
20.57, 20.14, 18.11. IR: f (cm-1) = 3430, 2960, 2927, 2862, 1610, 1491, 1457, 1434, 1421, 
1377, 1336, 1296, 1247, 1226, 1187, 1146, 1016, 907, 865, 841, 774, 734. HRMS: (M + 
H)+ = 250.1590 calculated for C18H20N; 250.1601 experimental 
 
X-ray structure:	 
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Reaction Optimization for Six Membered Ring: 
 
 
1,5,8-trimethyl-2,3,4,11-tetrahydro-1H-benzo[a]carbazole (4.36b) 
 
Alcohol 4.34 (50 mg, 0.177 mmol) was dissolved in CH2Cl2 (0.35 mL) in a 
pressure vessel. 5-Methylindole (23 mg, 0.177 mmol) was then added, followed by 
camphorsulfonic acid (41 mg, 0.177 mmol). The reaction was warmed in a sand bath at 
40 ºC and allowed to stir for 18 hours.  The mixture was then directly purified using 
100% hexanes à 10% Et2O in hexanes à 20% Et2O in hexanes à 30% Et2O in hexanes 
to give compound 4.36b in 62% yield (30 mg, 0.111 mmol) as a colorless oil. 
1H NMR (500 MHz): δ = 7.80 (s, 1H), 7.77 (bs, 1H), 7.69 (s, 1H), 7.32 (d, J = 8.2 
Hz, 1H), 7.18 (dd, J = 8.2, 1.6 Hz, 1H), 3.33-3.25 (m, 1H), 2.90-2.84 (m, 1H), 2.70-2.61 
(m, 1H), 2.52 (s, 3H), 2.38 (s, 3H), 2.03-1.91 (m, 3H), 1.86-1.81 (m, 1H), 1.43 (d, J =7.1 
yield [a]
1
2
3
4
0.5
0.5
1.0
1.0
time (h)
63
63
25
22
entry equiv of CSA
48
36
39
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temp (oC)
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HNCSA (n equiv)
CH2Cl2 (0.5 M)temperature
4.36aMe
HN
+
MeTBSO
Me OH Me
4.34
[a] Isolated yields after flash column chromatography
HNCSA (1.0 equiv)
CH2Cl2 (0.5 M)reflux
4.36bMe
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+
MeTBSO
Me OH Me
4.34 Me
Me
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Hz, 3H). 13C NMR (125 MHz): δ = 137.55, 137.25, 132.53, 128.30, 127.76, 126.16, 
124.21, 123.98, 120.31, 119.86, 118.36, 110.09, 29.50, 28.56, 27.37, 21.44, 20.53, 20.14, 
18.12. IR f (cm-1) = 3433, 2960, 2929, 2863, 1616, 1493, 1446, 1377, 1295, 1254, 1226, 
1190, 1038, 908, 862, 799, 734, 597, 584, 439. HRMS (M + H)+ = 264.1747 calculated 
for C19H22N; 264.1752 experimental. 
 
8-methoxy-1,5-dimethyl-2,3,4,11-tetrahydro-1H-benzo[a]carbazole (4.36c) 
 
Alcohol 4.34 (50 mg, 0.177 mmol) was dissolved in CH2Cl2 (0.35 mL) in a 
pressure vessel. 5-Methoxyindole (26 mg, 0.177 mmol) was then added, followed by 
camphorsulfonic acid (41 mg, 0.177 mmol). The reaction was warmed in a sand bath at 
40 ºC and allowed to stir for 18 hours.  The mixture was then directly purified using 
100% hexanes à 10% Et2O in hexanes à 20% Et2O in hexanes à 30% Et2O in hexanes 
to give compound 4.36c in 76% yield (38 mg, 0.135 mmol) as colorless oil. 
1H NMR (500 MHz): δ = 7.72 (bs, 1H), 7.67 (s, 1H), 7.48 (d, J = 2.5 Hz, 1H), 
7.33 (d, J = 8.7 Hz, 1H), 7.00 (dd, J = 8.2, 2.6 Hz, 1H), 3.92 (s, 3H), 3.31-3.25 (m, 1H), 
2.89-2.84 (m, 1H), 2.68-2.61 (m, 1H), 2.37 (s, 3H), 2.03-1.91 (m, 4H), 1.55 (s, 3H). 13C 
NMR (125 MHz): δ = 153.71, 137.79, 134.26, 132.76, 127.70, 124.40, 124.28, 120.49, 
118.31, 113.94, 111.11, 102.92, 56.05, 29.49, 28.55, 27.38, 20.50, 20.13, 18.10. IR: f (cm-
1) =3427, 2928, 2864, 2829, 1709, 1629, 1483, 1460, 1292, 1264, 1213, 1188, 1173, 
HNCSA (1.0 equiv)
CH2Cl2 (0.5 M)reflux
4.36cMe
HN
+
MeTBSO
Me OH Me
4.34 OMe
OMe
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1137, 1107, 1030, 859, 838, 802, 770, 737, 610, 438. HRMS: (M + H)+ = 280.1696 
calculated for C19H22NO; 280.1704 experimental. 
 
9-chloro-1,5-dimethyl-2,3,4,11-tetrahydro-1H-benzo[a]carbazole (4.36d) 
 
Alcohol 4.34 (50 mg, 0.177 mmol) was dissolved in CH2Cl2 (0.35 mL) in a 
pressure vessel. 6-Chloroindole (27 mg, 0.177 mmol) was then added, followed by 
camphorsulfonic acid (41 mg, 0.177 mmol). The reaction was warmed in a sand bath at 
40 ºC and allowed to stir for 18 hours.  The mixture was then directly purified using 
100% hexanes à 10% Et2O in hexanes à 20% Et2O in hexanes à 30% Et2O in hexanes 
to give compound 4.36d in 88% yield (44 mg, 0.156 mmol) as a colorless oil. 
1H NMR (400 MHz): δ = 7.89 (s, 1H), 7.87 (s, 1H), 7.67 (s, 1H), 7.41 (s, 1H), 
7.16 (d, J = 8.3 Hz, 1H), 3.28 (ddd, J = 16.4, 8.0, 7.9 Hz, 1H), 2.90-2.84 (m, 1H), 2.69-
2.60 (m, 1H), 2.38 (s, 3H), 2.03-1.91 (m, 3H), 1.83-1.81 (m , 1H), 1.42 (d, J = 7.1 Hz, 
3H). 13C NMR (100 MHz): δ = 139.74, 137.13, 133.20, 130.40, 128.67, 124.46, 120.62, 
119.67, 118.30, 110.56, 29.38, 28.50, 27.35, 20.58, 20.13, 18.02. IR: f (cm-1) = 3437, 
2959, 2929, 2862, 1610, 1454, 1427, 1287, 1243, 1065, 924, 805. HRMS: (M + H)+ = 
284.1201 calculated for C18H19ClN; 284.1200 experimental. 
 
 
 
HNCSA (1.0 equiv)
CH2Cl2 (0.5 M)reflux
4.36dMe
HN
+
MeTBSO
Me OH Me
4.34
Cl
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8-bromo-1,5-dimethyl-2,3,4,11-tetrahydro-1H-benzo[a]carbazole (4.36e) 
 
Alcohol 4.34 (50 mg, 0.177 mmol) was dissolved in CH2Cl2 (0.35 mL) in a 
pressure vessel. 5-Bromoindole (35 mg, 0.177 mmol) was then added, followed by 
camphorsulfonic acid (41 mg, 0.177 mmol). The reaction was warmed in a sand bath at 
40 ºC and allowed to stir for 18 hours.  The mixture was then directly purified using 
100% hexanes à 10% Et2O in hexanes à 20% Et2O in hexanes à 30% Et2O in hexanes 
to give compound 4.36e in 90% yield (53 mg, 0.160 mmol) as a colorless oil.  
1H NMR (500 MHz): δ = 8.10 (d, J = 1.8 Hz, 1H), 7.88 (bs, 1H), 7.66 (s, 1H), 
7.43 (dd, J = 8.5, 1.9 Hz, 1H), 7.30 (d, J = 8.6 Hz, 1H), 3.31-3.25 (m, 1H), 2.90-2.84 (m, 
1H), 2.65 (ddd, J = 17.1, 10.7, 6.5 Hz, 1H), 2.37 (s, 3H), 1.99-1.91 (m, 3H), 1.42 (d, J = 
7.1 Hz, 3H). 13C NMR (125 MHz): δ = 137.85, 137.33, 133.68, 128.61, 127.48, 125.62, 
124.45, 122.62, 119.48, 118.44, 111.91, 111.87, 29.38, 28.52, 27.38, 20.55, 20.13, 18.00.  
IR: f (cm-1) = 3442, 2961, 2930, 2864, 1490, 1459, 1418, 1284, 1244, 861. HRMS: (M + 
H)+ = 328.0695 calculated for C18H19NBr; 328.0695 experimental. 
 
methyl 1,5-dimethyl-2,3,4,11-tetrahydro-1H-benzo[a]carbazole-8-carboxylate (4.36f) 
 
H
NCSA (1.0 equiv)
CH2Cl2 (0.5 M)
reflux
4.36eMe
H
N
+
MeTBSO
Me OH Me
4.34
Br
Br
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Me OH Me
4.34
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Alcohol 4.34 (50 mg, 0.177 mmol) was dissolved in CH2Cl2 (0.35 mL) in a 
pressure vessel. Methyl indole 5-carboxylate (31 mg, 0.177 mmol) was then added, 
followed by camphorsulfonic acid (41 mg, 0.177 mmol). The reaction was warmed in a 
sand bath at 40 ºC and allowed to stir for 20 hours.  The mixture was then directly 
purified using 100% hexanes à 10% Et2O in hexanes à 20% Et2O in hexanes à 30% 
Et2O in hexanes to give compound 4.36f in 29% yield (16 mg, 0.051 mmol) as a colorless 
oil.  
1H NMR (500 MHz): δ = 8.74 (s, 1H), 8.13 (bs, 1H), 8.08 (dd, J = 8.5, 1.6 Hz, 
1H), 7.77 (s, 1H), 7.44 (d, J = 8.5 Hz, 1H), 3.97 (s, 3H), 3.32-3.29 (m, 1H), 2.90-2.85 (m, 
1H), 2.67-2.62 (m, 1H), 2.39 (s, 3H), 1.99-1.94 (m, 3H), 1.86-1.82 (m, 1H), 1.43 (dd, J = 
7.2 Hz, 3H). 13C NMR (125 MHz): δ = 168.01, 142.05, 137.33, 133.67, 129.11, 126.59, 
124.60, 123.55, 122.47, 121.07, 120.41, 118.65, 110.00, 51.87, 29.37, 28.51, 27.37, 
20.69, 20.17, 18.00.  IR: f (cm-1) = 3351, 2926, 2856, 1693, 1609, 1584, 1494, 1435, 
1393, 1323, 1302, 1261, 1225, 1197, 1163, 1113, 1089, 1016, 985, 907, 865, 803, 770, 
730, 683, 648, 596, 496, 440. HRMS: (M + H)+ = 308.1645 calculated for C20H22NO2; 
308.1644 experimental. 
 
1,5,11-trimethyl-2,3,4,11-tetrahydro-1H-benzo[a]carbazole (4.36h) 
 
Alcohol 4.34 (100 mg, 0.354 mmol) was dissolved in CH2Cl2 (0.71 mL) in a 
pressure vessel. 1-Methylindole (44 µL, 0.354 mmol) was then added, followed by 
NCSA (1.0 equiv)
CH2Cl2 (0.5 M)reflux
4.36hMe
HN
+
MeTBSO
Me OH Me
4.34
Me
Me
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camphorsulfonic acid (82 mg, 0.354 mmol). The reaction was warmed in a sand bath at 
40 ºC and allowed to stir for 17 hours.  The mixture was then directly purified using 
100% hexanes à 10% CH2Cl2 in hexanes à 20% CH2Cl2 in hexanes à 30% CH2Cl2 in 
hexanes to give compound 4.36h in 62% yield (58 mg, 0.219 mmol) as a colorless oil. 
1H NMR (500 MHz): d = 7.99 (dd, J = 7.7, 1.0 Hz, 1H), 7.74 (s, 1H), 7.45 – 7.38 
(m, 1H), 7.37 (d, J = 8.2 Hz, 1H), 7.18 (ddd, J = 8.0, 6.9, 1.2 Hz, 1H), 4.08 (s, 3H), 3.94 
– 3.87 (m, 1H), 2.96 – 2.87 (m, 1H), 2.75 – 2.63 (m, 1H), 2.37 (s, 3H), 2.06 – 2.00 (m, 
2H), 1.93 – 1.87 (m, 1H), 1.87 – 1.79 (m, 1H), 1.38 (d, J = 7.3 Hz, 3H).  13C NMR (125 
MHz): d = 142.32, 137.82, 133.14, 128.01, 126.28, 124.83, 123.13, 121.59, 119.30, 
118.66, 118.58, 108.68, 32.74, 29.66, 27.92, 27.89, 23.02, 20.42, 17.88.  IR f (cm-1) = 
3336, 2920, 2851, 1600, 1444, 1408, 1324, 1245, 1090, 1018, 798, 731, 681.  HRMS (M 
+ H)+ = 264.1747 calculated for C19H22N; 264.1747 experimental. 
 
8-methoxy-1,5-dimethyl-2,3,4,13-tetrahydro-1H-dibenzo[a,i]carbazole (4.36i) 
 
Alcohol 4.34 (50 mg, 0.177 mmol) was dissolved in CH2Cl2 (0.35 mL) in a 
pressure vessel. 5-Methoxy benz[g]indole (34 mg, 0.177 mmol) was then added, 
followed by camphorsulfonic acid (41 mg, 0.177 mmol). The reaction was warmed in a 
sand bath at 40 ºC and allowed to stir for eight days.  The mixture was then directly 
purified using 100% hexanes à 2% Et2O in hexanes à 5% Et2O in hexanes à 10% 
HNCSA (1.0 equiv)
CH2Cl2 (0.5 M)reflux
4.36iMe
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+
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Et2O in hexanes à 20% Et2O in hexanes to give compound 4.36i in 43% yield (28 mg, 
0.085 mmol) as a colorless oil.  
1H NMR (500 MHz): δ = 8.40 (d, J  = 8.4 Hz, 1H), 8.33 (bs, 1H), 8.12 (d, J  = 8.2 
Hz, 1H), 7.73 (s, 1H), 7.62 (d, J  = 7.3 Hz, 1H), 7.53-7.50 (m, 1H), 7.42 (s, 1H), 4.12 (s, 
3H), 3.47-3.42 (m, 1H), 2.92-2.88 (m, 1H), 2.73-2.66 (m, 1H), 2.42 (s, 3H), 2.06-1.96 
(m, 3H), 1.90-1.86 (m, 1H), 1.51 (d, J  = 7.2 Hz, 3H). 13C NMR (125 MHz): δ = 149.73, 
136.18, 131.58, 129.16, 128.23, 126.00, 124.84, 124.72, 124.21, 123.50, 121.81, 121.63, 
120.14, 118.08, 117.76, 97.11, 55.93, 29.52, 28.61, 27.34, 20.77, 20.26, 18.18.  IR: f (cm-
1) = 3463, 2930, 2863, 2830, 1626, 1597, 1525, 1471, 1446, 1431, 1378, 1290, 1271, 
1246, 1209, 1189, 1157, 1125, 1111, 1096, 1032, 985, 858, 830, 758, 737, 701, 431.  
HRMS: (M + H)+ = 330.1852 calculated for C23H24NO; 330.1589 experimental. 
 
2-((tert-butyldimethylsilyl)oxy)-3-(5-methylfuran-2-yl)-1-(prop-1-en-2-yl)cyclopent-
2-en-1-ol (4.37a) 
 
In a pressure vessel, ketone S-3 (300 mg, 1.03 mmol), allyltributyltin (350 µL, 
1.13 mmol), and lithium chloride (218 mg, 5.15 mmol) was dissolved in THF (7 mL).  
The reaction mixture was then bubbled with a gentle stream of nitrogen gas for thirty 
minutes, and then Pd(PPh3)4 (119 mg, 0.103 mmol) was added. The reaction was then 
brought to reflux in a sand bath at 70 ºC.  After stirring for 18 hours, the reaction was 
then diluted with DI water (20 mL) and extracted with ethyl acetate (3 x 15 mL). The 
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combined organic layers were dried over sodium sulfate and concentrated under vacuum. 
The residual material was then purified with flash column chromatography using 100% 
hexanes à 10% Et2O in hexanes à 20% Et2O in hexanes give ketone S-4 in 79% yield 
(206 mg, 0.816 mmol) as a colorless oil. 
1H NMR (500 MHz): δ = 5.79 (ddt, J = 16.8, 9.9, 6.7 Hz, 1H), 5.15-5.09 (m, 2H), 
3.13 (d, J = 6.9 Hz, 2H), 2.42-2.40 (m, 2H), 2.34-2.30 (m, 2H), 0.095 (s, 9H), 0.20 (s, 
6H). 13C NMR (125 MHz): δ = 203.11, 151.97, 149.24, 133.20, 117.28, 33.24, 32.18, 
25.72, 24.54, 18.33, -4.06. IR: f (cm-1) = 2955, 2928, 2857, 1713, 1639, 1366, 1251, 
1112, 856, 841, 785. HRMS: (M + H)+ = 253.1618 calculated for C14H25O2Si; 253.1620 
experimental. 
 Ketone S-4 (88 mg, 0.349 mmol) was dissolved in dichloromethane (5 mL). 
Isopropenylmagnesium bromide (2.09 mL, 0.5 M solution in THF) was then slowly 
added. After one hour, the reaction was quenched with DI H2O (15 mL). The aqueous 
layer was extracted with ethyl acetate (3 x 15 mL), and the combined organic layers were 
dried over sodium sulfate and concentrated under vacuum. The crude material was then 
purified with flash column chromatography (buffered with 2% TEA) using 100% 
hexanes à 5% Et2O in hexanes à 10% Et2O in hexanes to give product 4.37a in 50% 
yield (51 mg, 0.173 mmol) as a colorless oil. 
1H NMR (500 MHz): δ = 5.74 (ddt, J = 16.8, 10.1, 6.6 Hz, 1H), 5.06-4.99 (m, 
3H), 4.84 (ddd, J = 3.1, 1.6, 1.6 Hz, 1H), 2.87-2.78 (m, 2H), 2.28-2.24 (m, 1H), 2.14-2.09 
(m, 2H), 1.87-1.83 (m, 1H), 1.72 (s, 3H), 0.92 (s, 9H), 0.15 (s, 3H), 0.14 (s, 3H). 13C 
NMR (125 MHz): δ = 148.42, 147.93, 135.42, 117.54, 115.54, 109.54, 85.57, 35.85, 
31.52, 27.65, 25.80, 18.89, 18.38, -3.54, -3.83. IR: f (cm-1) = 3469, 2954, 2929, 2857, 
 186 
1680, 1640, 1472, 1361, 1336, 1250, 1184, 1064, 993, 958, 899, 838, 781, 678, 630, 577.  
HRMS (M – H2O)+ = 277.1982 calculated for C17H29OSi; 277.1997 experimental. 
 
2-((tert-butyldimethylsilyl)oxy)-3-nonyl-1-(prop-1-en-2-yl)cyclopent-2-en-1-ol 
(4.37b) 
 
Ketone S-4 (200 mg, 0.792 mmol) was dissolved in CH2Cl2 (20 mL).  1-Octene 
(445 µL, 3.96 mmol) was then added, followed by Grubbs second-generation catalyst (20 
mg, 0.024 mmol).  The reaction was heated to reflux and allowed to stir for 2 days.  The 
reaction was concentrated in vacuo and purified directly using 100% hexanes à 10% 
Et2O in hexanes à 20% Et2O in hexanes to give product S-5 as an inseparable mixture of 
olefin isomers (E/Z : 5.7:1) in  47% yield (124 mg, 0.370 mmol) as a colorless oil. 
1H NMR (500 MHz): δ = 5.52 (dtt, J = 15.0, 6.7, 1.7 Hz, 1H), 5.37 (dtt, J = 15.0, 
6.8, 1.5 Hz, 1H), 3.12 (d, J = 7.5 Hz, 0.4 H), 3.05 (d, J = 6.7 Hz, 1.7 H), 2.80 – 2.78 (m, 
1.3 H), 2.49 – 2.47 (m, 1.3 H), 2.38 (m, 2H), 2.30 (m, 2H), 2.08 (q, J = 7.1 Hz, 0.4 H), 
2.00 (q, J = 6.6 Hz, 1.7 H), 1.39 – 1.21 (m, 9H), 0.97 (s, 5H), 0.94 (s, 8H), 0.90 – 0.83 
(m, 4H), 0.22 (s, 3.6H), 0.18 (s, 6H).  13C NMR (125 MHz): δ = 203.00, 198.24, 153.10, 
151.78, 148.87, 135.73, 133.67, 132.92, 124.30, 123.70, 33.95, 32.45, 32.14, 32.12, 
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32.06, 31.70, 31.66, 29.82, 29.45, 29.30, 28.93, 28.76, 27.82, 27.31, 26.87, 26.79, 25.73, 
25.55, 24.55, 24.45, 22.58, 18.32, 18.29, 17.50, 14.01, 13.98, 13.53, -4.07.  IR: f (cm-1) = 
2927, 2856, 1712, 1638, 1463, 1408, 1363, 1324, 1249, 1152, 1107, 1072, 967, 838, 783, 
682, 572, 487.  HRMS: (M + H)+ = 337.2557 calculated for C20H37O2Si; 337.2559 
experimental. 
Ketone S-5 (85 mg, 0.253 mmol) and activated palladium on carbon (8.0 mg, 
0.076 mmol) were dissolved in ethyl acetate (1.3 mL).  Hydrogen gas was bubbled 
through reaction for 6 hours.  The crude reaction mixture was filtered over Celite pad, 
concentrated in vacuo, and purified directly using 100% hexanes à 2.5% Et2O in 
hexanes to give product S-6 in 48% yield (41 mg, 0.121 mmol) as a colorless oil. 
1H NMR (400 MHz): δ = 2.44 – 2.22 (m, 6H), 1.49 (t, J = 7.4 Hz, 2H), 1.33 – 
1.22 (m, 13H), 0.95 (s, 9H), 0.88 (t, J = 6.6 Hz, 3H), 0.19 (s, 6H).  13C NMR (100 MHz): 
δ = 203.10, 155.40, 149.16, 32.14, 31.85, 29.65, 29.47, 29.38, 29.25, 28.71, 26.98, 25.75, 
24.73, 22.65, 18.34, 14.07, -4.05.  IR: f (cm-1) = 2926, 2854, 1710, 1639, 1462, 1409, 
1374, 1248, 1113, 858, 839, 783, 684, 572, 492.  HRMS: (M + H)+ = 339.2714 calculated 
for C20H39O2Si; 339.2720 experimental. 
Ketone S-6 (41 mg, 0.121 mmol) was dissolved in CH2Cl2 (0.60 mL). 
Isopropenylmagnesium bromide (1.1 mL, 0.55 mmol, 0.5 M solution in THF) was then 
slowly added. After two hours, the reaction was quenched with DI H2O (10 mL), and the 
aqueous layer was extracted with ethyl acetate (3 x 15 mL).  The combined organic layers 
were then dried over sodium sulfate and concentrated under vacuum. The residual crude 
material was then purified with flash column chromatography (buffered with 2% TEA) 
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using 100% hexanes to give product 4.37b in 67% yield (31 mg, 0.081 mmol) as a 
colorless oil. 
1H NMR (500 MHz): δ = 5.03 – 5.01 (d, J=1.4, 1H), 4.83 (t, J = 1.6 Hz, 1H), 
2.15-2.08 (m, 3H), 1.99- (dt, J = 14.2, 7.4 Hz, 1H), 1.89 – 1.80 (m, 1H), 1.71 (s, 3H), 
1.35-1.24 (m, Hz, 21 H), 0.96 (s, 3H), 0.93 (s, 9H), 0.88 (t, J = 6.8 Hz, 5H), 0.14 (d, J = 
3.0 Hz, 6H).  13C NMR (125 MHz): δ = 148.18, 147.38, 120.33, 109.42, 85.64, 35.91, 
31.89, 30.32, 29.69, 29.58, 29.51, 29.31, 27.65, 27.56, 26.92, 25.87, 22.68, 18.94, 18.43, 
14.10, -3.51, -3.80.  IR: f (cm-1) = 3478, 2925, 2854, 1681, 1462, 1360, 1250, 1070, 897, 
859, 837, 780, 677.  HRMS: (M + Na)+ = 403.3003 calculated for C23H44NaO2Si; 
403.2989 experimental. 
 
tert-butyl 3-(2-((tert-butyldimethylsilyl)oxy)-3-hydroxy-3-(prop-1-en-2-yl)cyclopent-
1-en-1-yl)-1H-indole-1-carboxylate (4.37d)  
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In a pressure vessel, ketone S-3 (153 mg, 0.525 mmol) was dissolved in 
toluene/ethanol (12 : 4 mL). Potassium carbonate (218 mg, 1.58 mmol) and boronic ester 
S-7 (361 mg, 1.05 mmol) was then added, followed by Pd(PPh3)4 (30 mg, 0.026 mmol). 
The reaction was then warmed to 80 °C for 18 hours. The reaction was then diluted with 
DI water (20 mL) and extracted with ethyl acetate (3 x 15 mL). The combined organic 
layers were dried over sodium sulfate and concentrated under vacuum. The crude 
material was purified with flash column chromatography (buffered with 2% TEA) using 
100% hexanes à 2% Et2O in hexanes à 5% Et2O in hexanes à 10% Et2O in hexanes 
à 20% Et2O in hexanes à 30% Et2O in hexanes to give product S-8 in 73 % yield (163 
mg, 0.381 mmol) as colorless oil. 
1H NMR (500 MHz): δ = 8.20 (d, J = 1.2 Hz, 1H), 7.93 (dd, J = 8.8, 1.2 Hz, 1H), 
7.61 (d, J = 3.5 Hz, 1H), 6.59 (d, J = 3.7 Hz, 1H), 2.94-2.92 (m, 2H), 2.51-2.49 (m, 2H), 
1.68 (s, 9H), 1.00 (s, 9H), 0.27 (s, 6H).  13C NMR (125 MHz): δ = 203.05, 149.53, 
148,55, 145.62, 135.54, 130.43, 129.15, 126.61, 123.73, 120.35, 114.80, 107.53, 83.97, 
31.46, 28.16, 25.92, 24.00, 18.61, -3.56. IR: f (cm-1) = 2930, 2857, 1735, 1699, 1605, 
1471, 1438, 1359, 1336, 1285, 1256, 1158, 1132 1084, 1058, 1041, 1022, 873, 841, 785, 
766, 727, 688, 595, 528, 510, 422. HRMS: (M + H)+ = 428.2252 calculated for 
C24H34NO4Si; 428.2259 experimental. 
 Ketone S-3 (163 mg, 0.381 mmol) was dissolved in dichloromethane (5 mL). 
Isopropenylmagnesium bromide (0.833 mL, 0.5 M solution in THF) was then slowly 
added. After 30 minutes, the reaction was quenched with DI water (20 mL). The aqueous 
layer was extracted with ethyl acetate (2 x 20 mL).  The combined organic layers were 
dried over sodium sulfate and concentrated under vacuum.  The residual crude materials 
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were then purified with flash column chromatography (buffered with 2% TEA) using 
100% hexanes à 2% Et2O in hexanes à 5% Et2O in hexanes à 10% Et2O in hexanes 
à 20% Et2O in hexanes à 30% Et2O in hexanes to give product 4.37d in 38 % yield (68 
mg, 0.145 mmol).  
1H NMR (500 MHz): δ = 8.06 (d, J = 7.4 Hz, 1H), 7.69 (d, J = 1.0 Hz, 1H), 7.56 
(d, J = 2.9 Hz, 1H), 7.46 (dd, J = 8.6, 1.2 Hz, 1H), 6.52 (d, J = 3.7 Hz, 1H), 5.10 (s, 1H), 
4.91 (t, J = 1.6 Hz, 1H), 2.86 (ddd, J = 15.5, 8.9, 3.7 Hz, 1H), 2.48 (ddd, J = 14.2, 8.5, 5.5 
Hz, 1H), 2.24 (ddd, J = 13.2, 8.5, 3.7 Hz, 1H), 1.99 (ddd, J = 13.9, 8.9, 5.5 Hz, 1H), 1.85 
(s, 3H), 1.67 (s, 9H), 0.91 (s, 9H), 0.04 (s, 3H), -0.14 (s, 3H). 13C NMR (125 MHz): δ = 
149.74, 149.25, 147.88, 133.82, 131.11, 130.28, 126.04, 124.11, 120.08, 118.70, 114.51, 
109.95, 107.27, 86.31, 83.54, 35.96, 28.95, 28.20, 26.06, 19.04, 18.51, -3.26, -3.54. IR: f 
(cm-1) = 3522, 3154, 2954, 2930, 2856, 1965, 1734, 1686, 1639, 1574, 1540, 1471, 1438, 
1368, 1337, 1282, 1250, 1195, 1157, 1135, 1100, 1083, 1041, 1022, 960, 939, 903, 839, 
781, 766, 726, 680, 648, 592, 543, 523, 486, 436. HRMS: (M – H2O)+ = 452.2615 
calculated for C27H38NO3Si; 452.2619 experimental. 
 
2-((tert-butyldimethylsilyl)oxy)-3-methyl-1-vinylcyclohex-2-en-1-ol (4.37g) 
 
 Ketone S-9 (500 mg, 2.08 mmol) was dissolved in dichloromethane (10 mL). 
Vinylmagnesium bromide (3.12 mL, 3.12 mmol, 1 M solution in THF) was then added 
dropwise. After five minutes, the reaction was quenched with water (20 mL). The 
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aqueous layer was extracted twice with ethyl acetate (3 x 20 mL), and the combined 
organic layers were dried over sodium sulfate and concentrated under vacuum.  The 
crude material was then purified with flash column chromatography (buffered with 1% 
TEA) using 100% hexanes à 2% Et2O in hexanes à 5% Et2O in hexanes to give 
product 4.37g in 56% yield (315 mg, 1.17 mmol) as a yellow oil.  
1H NMR (400 MHz): δ = 5.96 (dd, J = 21.8, 13.4 Hz, 1H), 5.24 (dd, J = 21.7, 1.5 
Hz, 1H), 5.13 (dd, J = 13.4, 1.5 Hz, 1H), 2.15 (s, 1H), 2.11-1.90 (m, 3H), 1.64-1.57 (m, 
4H), 0.94 (s, 9H), 0.16 (s, 3H), 0.12 (s, 3H). 13C NMR (100 MHz): δ = 144.18, 143.45, 
114.65, 113.58, 73.74, 38.17, 31.27, 26.27, 26.03, 18.70, 17.40, -3.25, -3.31. IR: f (cm-1) 
= 3475, 2930, 2857, 2833, 1671, 1628, 1472, 1462, 1441, 1407, 1388, 1360, 1332, 1311, 
1251, 1195, 1171, 1140, 1121, 1087, 1038, 1005, 991, 950, 921, 866, 828, 777, 672, 592, 
559, 531, 510, 443, 419.  HRMS: (M + H)+ = 291.1751 calculated for C15H28NaO2Si; 
291.1753 experimental. 
 
1-allyl-4-methyl-1,2,3,10-tetrahydrocyclopenta[a]carbazole (4.38a) 
 
Alcohol 4.37a (51 mg, 0.1173 mmol) was dissolved in dichloromethane (0.350 
mL). Indole (20 mg, 0.173 mmol) was then added, followed by camphorsulfonic acid (20 
mg, 0.087 mmol). The reaction was allowed to stir at room temperature for 5 hours.  The 
mixture was then directly purified using 100% hexanes à 5% Et2O in hexanes à 10% 
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Et2O in hexanes à 20% Et2O in hexanes to give compound 4.38a in 51% yield as (25 
mg, 0.096 mmol) a colorless oil.  
1H NMR (500 MHz): δ = 8.02 (d, J = 7.8 Hz, 1H), 7.96 (bs, 1H), 7.72 (s, 1H), 
7.42 (dt, J = 8.1, 0.9 Hz, 1H), 7.36 (ddd, J = 8.2, 7.0, 1.2 Hz, 1H), 7.20 (ddd, J = 8.0, 7.1, 
1.2 Hz, 1H), 5.99 (dddd, J = 13.8, 10.1, 6.9, 6.9 Hz, 1H), 5.22 (dq, J = 17.1, 1.6 Hz, 1H), 
5.15 (dt, J = 10.4, 1.1 Hz, 1H), 3.64 (ddd, J = 13.0, 8.0, 5.0 Hz, 1H), 3.01 (ddd, J = 16.0, 
7.8, 7.8 Hz, 1H), 2.94 (ddd, J = 16.0, 8.9, 4.7 Hz, 1H), 2.66-2.60 (m, 1H), 2.47-2.43 (m, 
1H), 2.44 (s, 3H), 2.42-2.34 (m, 1H), 2.02 (ddd, J = 12.9, 12.9, 4.6 Hz, 1H).  13C NMR 
(125 MHz): δ = 141.66, 139.54, 137.78, 134.69, 127.48, 125.32, 124.99, 123.71, 122.55, 
119.92, 119.12, 118.76, 116.61, 110.53, 43.65, 38.90, 31.35, 30.59, 19.39.  IR: f (cm-1) = 
3418, 2928, 2856, 1703, 1636, 1614, 1491, 1458, 1438, 1329, 1304, 1247, 1222, 913, 
842, 744, 439. HRMS: (M + H)+ = 262.1590 calculated for C19H20N; 262.1593 
experimental. 
 
4-methyl-1-nonyl-1,2,3,10-tetrahydrocyclopenta[a]carbazole (4.38b) 
 
Alcohol 4.37b (31 mg, 0.081 mmol) was dissolved in CH2Cl2 (0.20 mL). Indole 
(9.5 mg, 0.081 mmol) was then added, followed by camphorsulfonic acid (9.4 mg, 0.041 
mmol). The reaction was allowed to stir at room temperature for 96 hours.  The mixture 
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was then directly purified using 100% hexanes à 10% Et2O in hexanes to give 
compound 4.38b in 74% yield (20.8 mg, 0.060 mmol) as a colorless oil.  
1H NMR (500 MHz): δ = 8.01 (d, J = 7.7 Hz, 1H), 7.82 (s, 1H), 7.70 (s, 1H), 7.42 
(d, J = 8.0 Hz, 1H), 7.36 (t, J = 7.4 Hz, 1H), 7.19 (t, J = 7.4 Hz, 1H), 3.51 (tt, J = 8.7, 4.5 
Hz, 1H), 3.04 (dt, J = 15.9, 7.7 Hz, 1H), 2.91 (ddd, J = 13.8, 8.9, 4.8 Hz, 1H), 2.42 (s, 
3H), 2.37 (m, 1H), 1.95 (dddd, J = 23.5, 13.0, 8.5, 4.5 Hz, 2H), 1.66 – 1.54 (m, 3H), 
1.35-1.20 (sm, 20H), 0.88 (t, J = 6.7 Hz, 5H).  13C NMR (125 MHz): δ = 141.43, 139.56, 
134.71, 128.35, 125.35, 124.94, 123.78, 122.51, 119.91, 119.11, 118.52, 110.51, 43.86, 
34.73, 31.89, 31.18, 30.77, 30.05, 29.71, 29.64, 29.33, 27.92, 22.68, 19.40, 14.11.  IR: f 
(cm-1) = 3424, 2921, 2851, 1708, 1613, 1490, 1458, 1438, 1377, 1303, 1259, 1089, 1015, 
863, 798, 734.  HRMS: (M + H)+ = 348.2686 calculated for C17H18N; 348.2696 
experimental. 
 
1-methyl-4-phenyl-1,2,3,10-tetrahydrocyclopenta[a]carbazole (4.38c) 
 
Alcohol 4.37c (50 mg, 0.151 mmol) was dissolved in dichloromethane (0.300 
mL). Indole (18 mg, 0.151 mmol) was then added, followed by camphorsulfonic acid (18 
mg, 0.08 mmol). The reaction was allowed to stir at room temperature for 24 hours.  The 
mixture was then directly purified using 100% hexanes à 10% Et2O in hexanes à 20% 
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Et2O in hexanes à 30% Et2O in hexanes to give compound 4.38c in 63% yield (29 mg, 
0.096 mmol) as a colorless oil.  
1H NMR (500 MHz): δ = 8.05 (d, J = 7.8 Hz, 1H), 7.97 (bs, 1H), 7.93 (s, 1H), 
7.55 (dd, J = 8.2, 1.2 Hz, 1H), 7.45 (t, J = 2.7 Hz, 1H), 7.42-7.38 (m, 1H), 7.36-7.33 (m, 
2H), 7.24-7.21 (m, 1H), 3.70-3.63 (m, 1H), 3.20 (ddd, J = 15.5, 8.9, 6.3 Hz, 1H), 3.04 
(ddd, J = 15.6, 8.5, 5.9 Hz, 1H), 2.46-2.39 (m, 1H), 1.88-1.81 (m, 1H), 1.51 (d, J = 7.0 
Hz, 3H).  13C NMR (125 MHz): δ = 142.35, 140.85, 139.83, 135.49, 130.87, 129.88, 
128.97, 128.15, 126.28, 125.43, 123.69, 122.93, 120.12, 119.49, 118.91, 110.66, 38.09, 
34.70, 31.89, 19.72. IR: f (cm-1) = 3424, 3389, 3377, 3057, 3038, 2953, 2928, 2889, 2867, 
1694, 1670, 1612, 1576, 1490, 1471, 1451, 1436, 1375, 1353, 1326, 1306, 1284, 1244, 
1117, 1100, 1074, 1031, 1016, 931, 878, 864, 839, 767, 739, 701, 585, 491, 439. HRMS: 
(M + H)+ = 298.1590 calculated for C22H20N; 298.1584 experimental. 
 
tert-butyl 3-(4-methyl-1,2,3,10-tetrahydrocyclopenta[a]carbazol-1-yl)-1H-indole-1-
carboxylate (4.38d) 
 
Alcohol 4.37d (68 mg, 0.145 mmol) was dissolved in dichloromethane (0.290 
mL). Indole (17 mg, 0.145 mmol) was then added, followed by camphorsulfonic acid (15 
mg, 0.072 mmol). The reaction was allowed to stir at room temperature for 19 hours.  
The mixture was then directly purified using 100% hexanes à 10% Et2O in hexanes à 
TBSO
OH
HNCSA (0.5 equiv)
CH2Cl2 (0.5 M), rt
4.37d 4.38d
Me
Me
HN
+
N
N
Boc
Boc
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20% Et2O in hexanes à 30% Et2O in hexanes to give compound 4.38d in 43% yield (27 
mg, 0.063 mmol) as a white solid.  
1H NMR (500 MHz): δ = 8.09 (d, J = 8.5 Hz, 1H), 7.99 (d, J = 7.4 Hz, 1H), 7.78 
(s, 1H), 7.61 (d, J = 3.8 Hz, 1H), 7.47 (d, J = 1.8 Hz, 1H), 7.27-7.23 (m, 2H), 7.15-7,12 
(m, 3H), 6.49 (d, J = 3.8 Hz, 1H), 4.76 (t, J = 8.5 Hz, 1H), 3.20 (ddd, J = 15.8, 9.0, 3.1 
Hz, 1H), 3.04 (dt, J = 16.5, 8.4 Hz, 1H), 2.84-2.78 (m, 1H), 2.50 (s, 3H), 2.22-2.14 (m, 
1H), 1.67 (s, 9H). 13C NMR (125 MHz): δ = 149.75, 142.12, 139.44, 138.86, 134.91, 
131.09, 126.96, 126.36, 125.21, 124.84, 124.30, 123.42, 122.66, 119.90, 119.84, 119.06, 
118.97, 115.57, 110.65, 107.25, 83.74, 50.50, 37.53, 31.58, 28.19, 19.4.  IR: f (cm-1) = 
3454, 3411, 2975, 2931, 2858, 1731, 1631, 1613, 1579, 1536, 1491, 1468, 1458, 1440, 
1372, 1347, 1332, 1305, 1247, 1218, 1161, 1130, 1083, 1040, 1024, 852, 820, 766, 734, 
632, 574, 487, 439, 421. HRMS: (M + H)+ = 437.2224 calculated for C29H29N2O2; 
437.2221 experimental. 
 
4-methyl-1-phenyl-1,2,3,10-tetrahydrocyclopenta[a]carbazole (4.38e) 
 
Alcohol 4.37e (55 mg, 0.166 mmol) was dissolved in dichloromethane (0.330 
mL). Indole (19 mg, 0.166 mmol) was then added, followed by camphorsulfonic acid (19 
mg, 0.083 mmol). The reaction was allowed to stir at room temperature for 19 hours.  
The mixture was then directly purified using 100% hexanes à 10% Et2O in hexanes à 
TBSO
OH
HNCSA (0.5 equiv)
CH2Cl2 (0.5 M), rt
4.37e 4.38e
Me
Me
HN
+
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20% Et2O in hexanes à 30% Et2O in hexanes to give compound 4.38e in 92% yield (46 
mg, 0.153 mmol) as a yellow solid.  
1H NMR (500 MHz): δ = 8.00 (d, J = 7.8 Hz, 1H), 7.78 (s, 1H), 7.37-7.27 (m, 
6H), 7.20-7.14 (m, 2 H), 7.12 (bs, 1H), 4.67 (t, J = 8.4 Hz, 1H), 3.18 (ddd, J = 15.8, 9.0, 
3.3 Hz, 1H), 3.03 (dt, J = 16.5, 8.5 Hz, 1H), 2.82-2.75 (m, 1H), 2.49 (s, 3H), 2.20-2.13 
(m, 1H). 13C NMR (125 MHz): δ = 144.45, 142.13, 139.45, 134.81, 128.92, 127.89, 
126.79, 126.55, 125.21, 124.91, 123.42, 119.87, 119.03, 110.5850.53, 37.04, 31.55, 
19.40.  IR f (cm-1) = 3456, 3025, 2928, 2855, 1701, 1632, 1612, 1490, 1456, 1439, 1372, 
1326, 1306, 1245, 1218, 1141, 1077, 1016, 908, 841, 792, 761, 745, 732, 701, 651, 613, 
574, 554, 518, 495, 438. HRMS: (M + H)+ = 298.1590 calculated for C22H20N; 298.1581 
experimental. 
 
1-Methyl-1,2,3,10-tetrahydrocyclopenta[a]carbazole (4.37f) 
 
Alcohol 4.37f (100 mg, 0.393 mmol) was dissolved in CH2Cl2 (0.80 mL). Indole 
(46 mg, 0.393 mmol) was then added, followed by camphorsulfonic acid (46 mg, 0.197 
mmol). The reaction was allowed to stir at room temperature for 4 days.  The mixture 
was then directly purified using 100% hexanes à 10% Et2O in hexanes à 20% Et2O in 
hexanes to give compound 4.38f in 70% yield (61 mg, 0.276 mmol) as a colorless oil.   
1H NMR (500 MHz): δ =8.04 (d, J = 7.7 Hz, 1H), 7.93 (s, 1H), 7.89 (d, J = 7.9 
Hz, 1H), 7.44 (d, J = 8.1 Hz, 1H), 7.38(ddd, J = 8.2, 7.1, 1.2 Hz, 1H), 7.22 (ddd, J = 8.0, 
TBSO
OH
HNCSA (0.5 equiv)
CH2Cl2 (0.5 M), rt
4.37f 4.38f
Me
Me
HN
+
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7.1, 1.1 Hz, 1H), 7.13 (d, J = 7.9 Hz, 1H), 3.61 (x, J = 13.8, 6.9 Hz, 1H), 3.17 (ddd, J = 
15.7, 8.5, 6.3 Hz, 1H), 3.02 (ddd, J = 15.3, 8.7, 6.0 Hz, 1H), 2.46 (dddd, J = 12.5, 8.7, 
8.0, 6.2 Hz, 1H), 1.85 (ddt, J = 12.4, 8.5, 5.7 Hz, 1H), 1.46 (d, J = 7.0 Hz, 3H).  13C NMR 
(125 MHz): δ = 142.03, 139.48, 136.15, 129.59, 125.16, 123.87, 122.21, 120.00, 119.37, 
118.50, 116.30, 110.56, 37.90, 34.52, 31.92, 19.88.  IR: f (cm-1) = 3422, 3057, 2952, 
2923, 2848, 1687, 1610, 1493, 1458, 1421, 1323, 1303, 1259, 1223, 1015, 907, 803, 734, 
553.  HRMS: (M + H)+ = 222.1277 calculated for C16H16N; 222.1277 experimental. 
 
1-Methyl-1,2,3,10-tetrahydrocyclopenta[a]carbazole (4.38f) from 4.47 
 
 Silyldienol ether 4.47 (45 mg, 0.126 mmol) was dissolved in CH2Cl2 (0.25 mL).  
DI H2O (3 µL, 0.126 mmol) was then added, followed by camphorsulfonic acid (15 mg, 
0.063 mmol). The reaction was allowed to stir at room temperature for 4 days.  The 
mixture was then directly purified using 100% hexanes à 10% Et2O in hexanes à 20% 
Et2O in hexanes to give compound 4.38f in 88% yield (26 mg, 0.110 mmol) as a colorless 
oil. 
1H NMR (500 MHz): δ =8.05 (d, J = 7.7 Hz, 1H), 7.94 (s, 1H), 7.90 (d, J = 7.9 
Hz, 1H), 7.45 (d, J = 8.1 Hz, 1H), 7.38(ddd, J = 8.2, 7.1, 1.2 Hz, 1H), 7.21 (ddd, J = 8.0, 
7.1, 1.1 Hz, 1H), 7.13 (d, J = 7.9 Hz, 1H), 3.63 (x, J = 13.8, 6.9 Hz, 1H), 3.18 (ddd, J = 
15.7, 8.5, 6.3 Hz, 1H), 3.02 (ddd, J = 15.3, 8.7, 6.0 Hz, 1H), 2.46 (dddd, J = 12.5, 8.7, 
Me
TBSO
NH
CSA (0.5 equiv)
H2O (1.0 equiv)
CH2Cl2 (0.5 M), rt
HN
Me
4.38f4.47
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8.0, 6.2 Hz, 1H), 1.86 (ddt, J = 12.4, 8.5, 5.7 Hz, 1H), 1.45 (d, J = 7.0 Hz, 3H).		13C NMR 
(125 MHz): δ = 142.03, 139.48, 136.15, 129.59, 125.16, 123.86, 122.20, 120.00, 119.37, 
118.50, 116.29, 110.55, 37.90, 34.52, 31.92, 19.88. 		 
1-Methyl-2,3,4,11-tetrahydro-1H-benzo[a]carbazole (4.38g) 
 
Alcohol 4.37g (50 mg, 0.212 mmol) was dissolved in CH2Cl2 (0.35 mL). Indole 
(25 mg, 0.212 mmol) was then added, followed by camphorsulfonic acid (41 mg, 0.212 
mmol). The reaction was warmed in a sand bath at 40 ºC and allowed to stir for 20 hours.  
The mixture was then directly purified using 100% hexanes à 10% Et2O in hexanes à 
20% Et2O in hexanes à 30% Et2O in hexanes to give compound 4.38g in 62% yield (31 
mg, 0.132 mmol) as colorless oil.  
1H NMR (500 MHz) δ = 8.02 (d, J = 7.8 Hz, 1H), 7.94 (bs, 1H), 7.82 (d, J = 7.8 
Hz, 1H), 7.45 (d, J = 8.1 Hz, 1H), 7.37 (ddd, J = 8.2, 7.1, 1.2 Hz, 1H), 7.23-7.19 (m, 1H), 
6.98 (d, J = 8.0 Hz, 1H), 3.32-3.27 (m, 1H), 3.00-2.89 (m, 2H), 2.06-1.95 (m, 2H), 1.88-
1.83 (m, 2H), 1.43 (d, J = 7.2 Hz, 3H). 13C NMR (125 MHz) δ = 139.20, 138.26, 134.05, 
124.96, 124.25, 123.89, 121.18, 120.83, 119.91, 119.30, 117.58, 110.50, 30.29, 29.91, 
28.30, 20.69, 18.46. IR f (cm-1) =3430, 2929, 1608, 1459, 1423, 1329, 1305, 1237, 772, 
739. HRMS (M + H)+ = 236.1434 calculated for C17H17N; 236.1430 experimental. 
 
 
HNCSA (1.0 equiv)
CH2Cl2 (0.5 M)reflux
4.38g
HN
+
MeTBSO
Me OH
4.37g
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1,5-Dimethyl-1,2,3,10-tetrahydrocyclopenta[a]carbazole (4.38f)  
 
Alcohol 4.37h (50 mg, 0.186 mmol) was dissolved in 1,2-dichloroethane (0.37 
mL). Indole (22 mg, 0.186 mmol) and water (17 µL, 0.94 mmol) was then added, 
followed by camphorsulfonic acid (44 mg, 0.186 mmol). The reaction was warmed in a 
sand bath at 70 ºC and allowed to stir for 4 days.  The mixture was then directly purified 
using 100% hexanes à 10% Et2O in hexanes à 20% Et2O in hexanes to give compound 
4.38h in 25% yield (11 mg, 0.047 mmol) as a colorless oil.   
1H NMR (500 MHz): δ =8.15 (d, J = 7.9 Hz, 1H), 7.97 (bs, 1H), 7.46 (d, J = 7.9 
Hz, 1H), 7.39 (t, J = 7.6 Hz, 1H), 7.23 (d, J = 7.4 Hz, 1H), 6.93 (s, 1H), 3.59 (x, J = 6.6 
Hz, 1H), 3.14 (ddd, J = 15.7, 8.5, 6.3 Hz, 1H), 2.99 (ddd, J = 14.8, 8.5, 5.6 Hz, 1H), 2.45 
(dtd, J = 12.4, 8.4, 6.3 Hz, 1H), 1.84 (ddt, J = 12.3, 8.4, 5.5 Hz, 1H), 1.44 (d, J = 7.0 Hz, 
3H). 13C NMR (125 MHz): δ = 141.98, 139.50, 136.00, 131.70, 127.07, 124.55, 124.46, 
122.15, 120.62, 119.30, 117.76, 110.33, 37.70, 34.61, 31.81, 20.84, 20.06.  IR: f (cm-1) 
=3423, 2954, 2923, 2851, 1455, 1259, 1082, 1018, 797, 734.   HRMS: (M + H)+ = 
236.1434 calculated for C17H18N; 236.1438 experimental. 
 		
	
	
	
	
	
TBSO
OH
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CSA (0.5 equiv)
H2O (5.0 equiv)
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Appendix	C:	1H	and	13C	NMR	Spectra	
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